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ON  THE  HOMOPLASTY  OF  THE  BEAIN  OF  EODENTS, 
INSECTIVOEES,  AND  CAENIVOEES.  By  Gustav 
Mann,  M.D.,  Assistant  to  the  Professor  of  Physiology, 
University,  Ediriburgh,     (Plate  I.) 

iTovfords  the  expenses  of  this  research  a  grant  was  made  by  the  British  Medical 
Association,  on  the  recommendation  of  the  Scientific  Grants  Committee  of 
the  Assoeialion.  The  Goodsir  Prize  was  awarded  to  the  Author  by  the 
Sejiatus  of  the  University  of  Edinburgh  in  Av^gust  1895.] 

It  is  the  aim  of  this  essay  to  investigate  the  relative  positions 
of  physiologically  identical  areas  in  the  brains  of  animals 
belonging  to  diflferent  orders,  i,e,,  to  study  the  homopladty  of 
the  CerebrTmi,  and  hereby  to  throw  some  additional  light, 
firstly,  on  the  homology  of  convolutions ;  and  secondly,  to  ascer- 
tain the  extent  or  degree  to  which  the  various  functions  have 
been  developed  in  any  given  brain. 

As  representatives  of  the  rodents,  the  insectivorous  and 
carnivorous  animals,  I  chose  the  Babbit,  the  Hedgehog  (Urinacem), 
and  the  Cat,  and  thought  my  first  endeavour  shoidd  be  to  prepare 
the  comparatively  smooth  brains  of  Babbits  and  Hedgehogs  in 
such  a  way  as  to  show  the  minutest  anatomical  details  for 
future  guidance  during  my  experimental  work. 

Methods. — With  this  view  I  had  recourse  to  my  method  of  pre- 
pariug  brains,  described  last  year  iu  this  Journal.^  My  method  is 
shortly  this :  Ansesthetise  an  animal, — open  the  thorax  and  cut  off 
the  apex  of  the  heart, — insert  a  glass  cannula,  attached  to  a  piece  of 
india-rubber  tubing  seven  feet  long,  and  tie  the  cannula  into  the 
ascending  aorta — the  other  end  of  the  tubing  being  attached  to  a 
funnel — raise  the  funnel  4-5  feet  to  get  a  sufficient  pressure ;  wash 
out  the  brain  with  salt  solution,  and  then  fix  it  by  injecting  a 
saturated  solution  of  corrosive  sublimate  in  a  f  p.c.  salt  solution.  After 
the  sublimate  solution  has  been  flowing  for  five  minutes,  the  brain  is 

*  Joum,  Anat.  and  Phys,,  vol.  xxix.,  p.  1,  1894.  Also  in  Zeitschr.  f,  wiss. 
Mihoseop.     '^Behandlung  der  Nervenzellexi,"  &c.,  1S95. 
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of  the  consistency  as  if  hardened  for  three  months  in  Miiller's  fluid. 
There  is  absolutely  no  shrinkage,  and  the  minutest  anatomical  details 
will  be  preserved.  Now  remove  the  brain,  carefully  dissect  off  the 
pia  mater,  and  place,  preferably  for  24  hours,  in  a  large  quantity  of 
saturated  sublimate  solution.  Lastly,  rinse  the  brain  for  half  an  hour 
in  water  and  then  photograph  it,  taking,  of  course,  great  care  in  the 
arranging  of  the  light.  (Plate  I.  shows  a  number  of  views  of  brains 
reproduced  from  photographs.) 

As  regards  the  experimental  part  of  my  research,  the  Hedge- 
hogs and  Cats  were  kept  anaesthetised  during  the  whole  period 
of  the  experiment,  while  the  Eabbits  were  anaesthetised  to  render 
the  preliminary  operation  painless,  and  then  allowed  to  regain 
consciousness.  As  far  as  I  was  able  to  observe,  I  failed  to 
detect  any  sign  of  discomfort  expressed  by  the  Eabbit,  chiefly 
because  I  dispensed  altogether  with  the  animal  holder,  preferring 
to  have  the  animal  sit  in  its  natural  position,  the  head  being 
supported  by  the  palm  of  my  left  hand,  while  the  thumb  and 
index-finger  of  the  same  hand  were  gently  placed  round  the 
neck,  in  such  a  way  that  the  tips  of  the  fingers  came  to  lie 
behind  the  occipital  condyles. — On  several  occasions  I  have 
fed  rabbits  whose  calvaria  was  completely  removed,  and  they 
enjoyed  the  cabbage  or  bread  as  much  as  if  they  had  not  been 
operated  on. 

The  experimental-room  having  been  heated  up  to  75**  F., 
and  all  draughts  guarded  against,  the  animals  were  deeply 
anaesthetised  with  ether,  and  then  both  hemispheres  fully  ex- 
posed from  the  olfactory  bulb  to  the  most  posterior  part  of  the 
occipital  region,  thus  allowing  one  to  study  the  whole  upper 
surface  of  the  brain, — carefully  to  measure  its  proportions,  and 
further  to  obtain  a  number  of  precise  and  otherwise  unattain- 
able movements  by  the  simultaneous  stimulation  of  corresponding 
parts  of  both  hemispheres. — ^Those  parts  of  the  brain  wMch  were 
not  being  stimulated  I  kept  covered  with  absorbent  cotton- 
wool. 

The  electrodes  I  employed  were  not  the  usual  ball-pointed 
platinum  electrodes,  but  linear  ones,  made  by  bending  the  ends 
of  two  pieces  of  copper  wire  so  as  to  form  loops  and  placing 
these  loops  in  a  vertical  plane:  looked  at  when  on  end,  the 
negative  and  positive  poles  will  appear  as  two  parallel  lines  (||). 
The  advantages  of  these  electrodes  are :  (1 )  a  given   area   is 
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stimulated  more  uniformly  and  with  greater  precision,  and  (2) 
there  is  less  danger  of  injuring  the  brain. 

Thus  I  employed  as  a  rule  electrodes  the  looped  ends  of 
which  were  2  mm.  long,  and  separated  from  one  another  for  a 
distance  of  2  mm.,  giving  a  surface  area  of  4  square  mm. 
between  the  points.  In  the  JJabbit's  brain  the  distance  between 
the  points  of  the  electrodes  equalled  only  1  mm.,  thus  re- 
stricting the  area  of  stimulation  to  2  square  mm.  of  the  cere- 
bral cortex. 

For  the  simultaneous  stimulation  of  corresponding  points  of 
both  hemispheres,  I  employed,  whenever  these  points  were  not 
situated  in  the  marginal  convolutions,  a  double  electrode,  which 
I  made  fi'om  two  pieces  of  copper  wire  and  a  piece  of  wood,  the 
points  of  the  electrodes  being  looped  as  in  the  single  electrode. 

The  faradic  current  was  obtained  from  a  Du  Bois  Eeymond 
induction  machine,  driven  by  a  large  Daniel  cell.  The  secon- 
dary coil  was  placed  at  first  at  a  distance  of  18  cm.,  and  then 
gradually  pushed  up  till  a  definite  reaction  was  obtained.  On 
an  average  a  distance  of  14-1 2  cm.,  and  for  more  deeply  anaes- 
thetised animals  10-8  cm.,  was  found  to  be  ample.  The  relative 
excitability  of  various  centres  I  have  indicated,  but  not  the 
absolute  one.  / 

In  not  a  single  animal  have  I  observed  epileptiform  fits,  / 
although  several  experiments  lasted  six  to  seven  hours  after  the  / 
preliminary  operation  had  been  performed.  / 


The  Sukface  Anatomy  of  the  Carnivorous  Brain. 

Many  writers  have  contributed  to  our  knowledge  of  the 
arrangement  of  the  convolutions  in  the  brain  of  Camivora,  and 
by  the  study  of  many  genera  it  has  been  determined  that  in 
small  carnivores,  such  as  Miistela^  three  convolutions  run  in  an 
antero-posterior  direction,  while  in  the  Dog,  Cat,  and  Bear  four 
convolutions  are  seen.  These  I  shall  call,  after  Sir  William 
Tiimer,^  as  follows, — (compare  figs.  1,  2,  5,  8  on  Plate  I.), — 

1.   The   margined   (7=  a:    running  along   the   mesial  longi- 

*  Sir  William  Turner,  "  The  Con  volutions  of  the  Brain  :  a  study  in  Compara- 
tive Anatomy,*'  Journal  of  AncUomy  and  Physiology ,  vol.  25,  pp.  127-129. 
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tudinal    fissure   (1),  and    bounded    externally  by    the 
lateral  (3)  and  coronal  (8)  fissures. 

2.  The    lateral    C=h:  bounded    extemaUy  by    the  medio- 

lateral  (4)  fissure. 

3.  The  supra-sylvian  (7=c :  bounded  externally  by  the  supra- 

sylvian  (5)  fissure. 

4.  The  sylvian  0=  d :  bounded  externally  by  the  sylvian  (5), 

prae-  and  post-rhinal  fissures  (9). 

These  convolutions,  according  to  Langley,^  meet  behind  the 
prae-sylvian  (7),  or,  as  he  terms  it,  "supra-orbital,"  fissure,  to 
form  the  anterior  composite  gyms,  while  to  that  part  of  the  brain 
lying  anterior  to  the  prse-sylvian  fissure,  and  between  it  and  the 
olfactory  bulb  and  most  anterior  part  of  the  prse-rhinal  fissure, 
this  author  has  given  the  name  of  orUtaJ  lobe  (orb).  I  myself 
am  inclined  to  look  on  this  part  of  the  brain  as  forming  the 
anterior  portion  of  the  Sylvian  Convolution. 

The  chief  fissures  are  the  cnvcial  fissure  (Leuret)  (2),  which 
springs  from  the  longitudinal  one  and  separates  the  sigmoid  por- 
tion of  the  marginal  convolution  (sigmoid  gyrus  of  Flower)  into 
a  prse-crucial  (prae-f rental)  ( =pr)  and  a  post-crucial  (post-frontal) 
(  =  ps)  portion. — Th^  proB-sylvian  (  =  7)  fissure  arises  from  the 
rhinal  in  front  of  the  sylvian  one ;  it  arches  upwards  and  for- 
wards, with  its  concavity  placed  posteriorly.  The  coronal  (  =  8) 
fissure  separates  the  sigmoid  portion  of  the  marginal  convolution 
from  the  coronal  part  of  the  lateral  convolution.  The  sylvian 
fissure  runs  backwards  and  upwards,  and  serves  to  divide  the 
rhi7ial  fissure  into  an  anterior  and  a  posterior  portion.  In  the 
orbital  lobe  one  may  always  distinguish  a  more  or  less  deep 
depression,  namely,  the  intra-orbital  fissure  of  I^ngley.  There  m 
still  another  slight  but  constant  depression  to  be  seen  about  1 
cm.  behind  the  prae-sylvian  fissure  ;  and  demarcating  the  anterior 
end  of  the  supra-syhdan  C,  we  may  call  it  the  vertical  fissure. 
This  same  fissure  forms  the  posterior  boundary  of  the  beak-like, 
somewhat  broadened,  anterior  extremity  of  the  lateral  convolu- 
tion =  X. 

In  the  Dog,  figs.  1  and  5,  the  sigmoid  gyrus  is  situated  at  about 

^  Langlej^  J,  N,,  *'  The  Structure  of  the  Dog's  Brain,"  Jourital  of  Physiology , 
vol.  iy.,  1881,  p.  252,  fig.  i.  In  this  admirable  paper  is  contained  an  exhaustive 
account  of  the  early  literature. 
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the  junction  of  the  anterior  and  middle  third  of  the  brain/  and 
here  themarginal  convolution  attains  its  maximal  development,  V.e. 
anteriorly,  while  both  the  lateral  and  supra-sylvian  convolutions 
have  undergone  a  special  development  posteriorly.  But  al- 
though, in  the  Dog,  the  maximum  width  is  found  in  the  occipital 
region  of  the  lateral  gyrus,  one  may  always  see  at  its  anterior 
end  a  bulbous  portion,  above  referred  to,  and  lying  in  front  of 
the  vertical  fissure,  =  x. 

In  the  Cat,  four  distinct  convolutions  are  not  so  readily 
distinguished,  because  of  an  annectent  convolution,  which  joins 
the  supra-sylvian  and  the  sylvian  convolutions.  As  a  rule, 
no  indication  is  given  as  to  how  much  of  the  annectent  convolu- 
tion belongs  to  the  lateral  and  how  much  to  the  supra-sylvian 
convolution,  but  occasionally  a  distinct  though  shallow  depression 
was  seen  to  cross  the  annectent  C,  fig.  8,  No.  5,  Plate  I. 

The  sigmoid  gyrus  is  placed  in  the  anterior  fourth  [see  Sir 
William  Turner,  /.c],  and  through  its  special  development  the 
marginal  convolution  has  again  obtained  its  maximum  growth  in 
the  frontal  region. 

On  comparing  the  Dog's  brain  with  that  of  the  Cat  one  is 
struck  at  once  by  the  remarkable  difference  in  the  development 
of  the  lateral  gyrus.  In  the  Dog  it  is  specially  developed 
posteriorly,  while  in  the  Cat  the  anterior  portion  is  by  far  the  / 
more  bulky.  The  reason  for  this  difference  I  shall  attempt  to 
give  later. 

Experimental  Evidence. 

I  have  arranged  in  a  tabular  form  the  results  which  have 
been  obtained  by  various  experimentalists,  amongst  whom 
I  have  to  mention  especially :  Fritsch  and  Hitzig,  Ferrier, 
Paneth,  Munk,  Baginsky,  Arloing,  Krause,  Semon  and  Horsley, 
Bechterew  and  Ostankow.  I  shall  enumerate,  from  before  back- 
wards, for  each  convolution,  the  centres  which  have  been  so  far 
discovered. 

^  Sir  William  Turner,  "Comparison  of  the  Convolutions  of  the  Seals  and 
Walrus  with  those  of  the  Carnivora,  and  of  Apes  and  Man."  Challenger 
Beports,  Part  Ixviii.  Jounml  ofAncUwny  and  Physiology,  vol.  22,  pp.  554-581  ; 
special  reference,  p.  562. 
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Phtsiology  of  the  Convolutions  of  the  Dog. 
(Ferrier's  numbers  are  marked  with  the  letter  F.) 

A.  Marginal  Convolution. 

1.  Dilatation  of  pupils; — movement  of  eyeballs; — head  turned 

lateraUy.     (F.  12.) 

2.  Elevation  of  shoulder ; — extension  forwards  of  opposite  fore- 

Umb.     (F.  5.) 

3.  Flexion  of  paw.     (F.  + .) 

4.  Retraction  and  adduction  of  opposite  fore-limb.     (F.  4.) 

5.  Uind-leg  (opposite)  advanced.     (F.  1.) 

6.  Lateral  or  wagging  movements  of  the  tail.     (F.  3.) 

B.  Lfatercd  Convolution, 

1.  Closure  of  opposite  eye; — divergent  movements  of  eyeballs  ; 

— contraction  of  pupils.     (F.  7.) 

2.  Eyeballs  move  to  opposite  side.     There  is  some  degree  of 

diagonal  deviation ; — pupils  occasionally  contract ; — eye- 
lids tend  to  close,  sometimes  they  open  on  application  of 
stimulus.     (F.  13.)     (Arloing.) 

C.  Supr  Or  Sylvian  Convolution, 

1.  Bilateral  adduction  of   vocal   cords   (Krause/   Semon  and 

Horsley  2). 

2.  Swallowing  movements  (Bechterew  and  Ostankow  % 

3.  Retraction  and  elevation  of  opposite  angle  of  mouth.    (F.  8.) 

4.  Retraction  of  angle  of  mouth.     (F.  11.) 

5.  Pricking  and  sudden  retraction  of  opposite  ear.     (F.  14.) 

D.  Sylvian  Convolution. 

1.  See  sub.  No.  1  in  Supra-Sylvian  Convolution. 

2.  Opening  of  mouth  ; — movements  of  tongue ; — barking  and 

growling.     (F.  9.) 

3.  Elevation  of  lip  ; — dilatation  of  nostril.     (F.  16.) 

Baginsky  ^  obtained  most  marked  ear  movements  from  the  temporal 
portions  of  the  Supra-Sylvian  and  Sylvian  Convolutions. 

Physiology  of  Convolutions  of  the  Cat. 

A.  Marginal  Convolution, 

1.  Elevation  of  shoulder ; — flexion  of  fore-arm  and  paw.    (F.  5.) 

2.  Retraction  and  adduction  of  opposite  fore-leg.     (F.  3). 

*  Krause,  Arch./.  AruU.  u.  Physiol;  Physiol.  Abtheil.  1884,  p.  208. 
'  Semon  and  Horsley,  Philosoph,  Trans  ,  vol.  181,  1890,  p.  198. 

'  Bechterew  and  Ostankow:  Schlucken  u.  Athmcn— Xeurol.  Centralbl.  1894, 
No.  16,  pp.  580-584. 

*  B.  Baginsky :   H6rsphare  u.  Ohrbewegungen  :   Arch,  /.  A^uU.  <t  Physiol, 
(Physiolog.  Abth.  1891,  pp.  227-235). 
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3.  Advance  of  opposite  hind-leg.     (F.  1.) 

+   No  tail  centre  behind  ansate  fissure  was  discovered. 

B.  Lateral  Convolution. 

1.  Elevation  of  angle  of  mouth  ; — closure  of  eye ; — ^movements 

of  eyeball.     (F.  7.) 

2.  Eyeballs  to   opposite   side ; — pupils  occasionally  contract 

(F.  13.) 

3.  Clutching  or  grasping  movements  of  paw  and  protrusion  of 

nails.     (F.  a.) 

C.  Supra-Sylvian  Convolution. 

1.  Adduction  of  vocal  cords  (Krause,  Semon  and  Horsley), 

2.  Opening  of  mouth ; — movements  of  tongue.     (F.  9.) 

3.  Retraction  and  slight  elevation  of  angle  of  mouth ; — ear 

drawn  downwards  and  forwards.     (F.  8.) 

4.  Pricking  of  ear; — head  and  eyes  turn  to  opposite  side. 

(F.  X .) 

D.  Sylvian  Convolution. 

1.  Abduction  of  vocal  cords  (Semon  and  Horsley).    This  centre 

is  situated  in  the  orbital  lobe. 

2.  Opening  of  mouth  (See  sub  "  C") ; — movements  of  tongue. 

(F.  9.) 

New  Observations  on  Cats.  — 

Using  currents  of  just  sufficient  strength  to  produce  an  effect, 
—employing  my  linear  electrodes,  with  the  points  2  mm.  apart, 
I  have  been  able  to  resolve  the  limb  movements  with  greater 
accuracy,  and  have  discovered  the  centres  for  extension  and 
Hexion  of  spinal  column,  for  the  intercostal  and  abdominal 
muscles,  and  lastly  for  the  tail.    All  these  centres  are  situated  ^ 

in  the  marginal  convolutioa  / 

I  shall  record  now  the  five  most  successful  experiments. — 
(See  figures  Nos.  1-5,  page  13.)  ' 

Escperiment  1. — Medium-sized  male  cat.     Ether  and  Acetate  of  ' 

Morphia  ansesthesia. 

I.  Marginal  Convolution: — Figure,  Exp.  1,  page  13. 

1.  Dilatation  of  both  pupils,  restricted  to  a  very  limited  spot  on 

the  prorean  convolution.  To  eliminate  fallacy,  electrodes 
applied  to  pras-crucial  gyrus,  the  dura,  and  the  orbital  bone, 
with  negative  result,  then  again  to  point  '^  1 "  with  positive 
result 

2.  Retraction  of  neck.     Muscles  on  opposite  side  contract  sonie- 

M'hat  more  vigorously 
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3.  Eetraction  of  upper  arm. 

4.  Full  extension  of  fore-limb  in  a  vertical  position.     The  move- 

ment may  perhaps  be  best  described  as  a  stilting  movement. 

5.  Extension  and  adduction  of  upper  arm.     Flexion  of  fore-arm 

due  to  biceps  muscle. 

6.  Forward  movement  of  fore-limb. 

7.  Dorsiflexion  of  wrist.     Elevation  of  paw. 

8.  Elevation  of  paw  more  marked. 

9.  Fore-limb  elevated  to  mouth.     The  cat  was  supported  with 

my  left  hand,  and  the  right  leg  was  hanging  down  quite 
freely,  but  was  regularly  elevated  on  stimulating  this  spot. 

10.  Raising  of  fore-paw  from  wrist  followed  by  flexion  at  elbow. 

11.  Adduction  of  upper  arm. 

1 2.  Rotation  outwards  of  fore-arm. 

13.  Fore-limb  is  adducted  (the  paw  being  in  a  vertical  plane), 

due  to  contraction  of  the  pectoral  muscles.  / 

14.  Retraction  of  fore-arm,  accompanied  by  slight  outward  rota- 

tion. 

15.  Hind-leg  kicks  vigorously  backwards.     This  reaction  is  very 

readily  obtained  if  one  place  the  electrodes  in  the  centre  of 
the  somewhat  triangular  post-crucial  gyrus.  In  stimulat- 
ing this  centre  it  is  best  to  lay  the  animal  on  its  side,  to 
prevent  it  getting  a  purchase  on  the  table  and  suddenly 
elevating  its  head,  which  is  apt  to  result  in  an  injury  to 
the  brain. 

16.  Extreme  flexion  and  abduction  of  hind-limb.     This  move- 

ment reminds  one  of  the  act  of  micturition  in  a  dog. 

17.  Forward  n^ovement  of  hind-leg. 

II.  Lateral  Convolution, 

18.  Whiskers  moved  forwards.     Upper  lip  moves  forwards  and 

inwards. 

1 9.  Lower  eyelid  moves  upwards. 

20.  Eye  (opposite)  moves  inwards  and  slightly  downwards. 

21.  Eye  moves  purely  downwards. 

22.  Eye  moves  upwards  and  outwards. 

23.  Eye  moves  downwards  and  outwards. 

Strength  of  current  for  Nos.  1-14  =  13-14  cm.  distance  of  secondary 
coil  from  primary.  For  the  hind-leg,  distance  was  9J  cm.  For  the 
stimulation  of  the  lateral  convolution  =  12-13  cm.  were  required. 

Experiment  2. — Full-sized  female  cat  Ether  and  Morphia  ansBs- 
thesia.  Died  suddenly,  due  to  failure  of  heart  On  post-mortem 
examination,  we  found  extensive  fatty  degeneration.  (Figure,  Exp.  2, 
page  13.) 

I.  Margined  Convoltdion, 

1.  Retraction  of  fore-paw. 

2.  Flexion  of  tarsal  and  metatarsal  phalangeal  joints. 

3.  Flexion  of  knee. 
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4.  Elevation  and  supination  outwards  of  foot. 

5.  Eetraction  of  hind-leg. 

6.  Hind-leg  kicks  out,  and  while  in  the  backward  extended 

position  the  small  toe  is  abducted. 

II.  Lateral  Convolution, 

7.  Opening  of  mouth. 

.  8.  Elevation  of  angle*of  mouth  and  slight  shutting  of  eye. 

9.  Lower  eyelid  moves  upwards. 

10.  Upper  eyelid  moves  downwards. 
9-10.  Closure  of  eye. 

11.  Eyeball  opposite  moves  outwards. 

12.  Eyeball  (opposite)  moves  downwards. 

11.  and  12  =  conjugate  movement  of  the  eyes,  but  effect  on 
opposite  eye  more  marked. 
\ 

Experiment  3. — Full-sized  male  cat.    Ether  and  Morphia  ansBsthesia. 
(Figure,  Exp.  3,  page  13.) 

I.  Marginal  Convolution. 

1.  Retraction  of  fore-limb  after  it  had  been  fully  extended  by 

an  assistant. 

2.  Retraction  of  paw  and  stilting  of  fore-leg.     This  centre  was 

in  the  prse-crucial  gyrus,  situated  just  above  the  middle  of 
the  crucial  sulcus. 

3.  Retraction  and  pronation  of  fore-arm  and  dorsiflexion  of 

wrist. 

4.  Do.  but  the  pronation  more  marked.     Nos.  3  and  4  close  to 

crucial  fissure  in  the  outer  part  of  prae-crucial  gyrus. 

5.  Extension  of  fore-limb. — Forward  movement  in  the  anterior 

inner  aspect  of  prse-crucial  gyrus,  just  at  origin  of  the 
prorean  convolution. 
G.  Forearm  abducted  and  rotated  outwards ;  there  was  also  a 
slight  forward  motion. 

7.  Elevation  of  paw.     Rotation  outwards.     Abduction  of  paw. 

In  the  anterior  external  part  of  prse-crueial  gyrus,  and  close  to 
the  lateral  gyrus. 

8.  Biceps  muscle  alone  was  felt  to  contract. 

9.  Elevation  of  paw. 

10.  Raising  and  retraction  of  shoulder. 

11.  Hind-leg  (opposite)  flexed. 

12.  Hind-leg  (opposite)  retracted. 

13.  Rotation  inwards  of  foot  +  slight  retraction. 

14.  Flexion  of  leg  on  thigh. 

Flexion  and  inward  rotation  of  foot,  but  not  so  well  marked 
as  in  No.  13. 

15.  Head   moved  downwards.     This  was  observed  8  times  in 

succession,  but  the  movement  was  very  slight.     The  centre 
seems  to  lie  in  the  external  portion  of  No.  15,  close  to  thp 
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aimectend  gyms,  which  joins  the  marginal  and  the.  lateral 
convolutions. 

15.  Dorsal  muscles  above  shoulder-blade  contract, — inner  half 

of  No.  15. 

16.  Contraction  of  extensors  of  dorsal  vertebrae. 

17.  Contraction  of  extensors  of  lumbar  vertebrae. 
Hind-legs  extended. 

This  movement  exactly  resembles  that  performed  by  a 
cat  which,  after  a  good  sleep,  is  stretching  itself  by  resting 
on  its  front-legs,  arching  the  back  downwards  and  fully 
extending  its  hind-legs. — On  steadying  the  thorax  and 
applying  a  somewhat  weaker  stream,  the  muscles  of  the 
opposite  side  were  chiefly  thrown  into  action,  and  this 
resulted  in  a  lateral  curvature  of  the  spine,  the  lumbar 
region  of  the  cat  being  lifted  completely  off  the  table. 
1 S.  Tail  was  drawn  down  as  if  to  be  put  between  the  legs.  After 
the  stimulation  had  ceased,  the  tail  was  fully  extended  on  a 
level  with  the  back  of  the  animal,  and  then  the  stimulus 
applied.  This  centre  was  stimulated  20  times  within  f  of 
an  hour,  and  each  time  with  positive  results. 

II.  Lateral  Convolution. 

19.  Opposite  eye  moves  markedly  outwards.     Eye  of  same  side 

slightly  inwards. 

20.  Eye  on  opposite  side  moves  upwards. 

The  results  detailed  above  were  obtained  for  Nos.  1-14, 
with  secondary  coil  12^-14,  on  an  average  13  cm.  removed 
from  the  primary  coil.  For  the  results  sub.  No.  15-18  a 
stronger  current  had  to  be  used  ;  for  the  secondary  coil  was 
at  a  distance  of  8  cm.  from  the  primary  coiL 

hlnpeiiment  4. — Female  cat,  on  post-mortem  examination  found  to 
be  pregnant.     (Ether  and  morphia.)     (Figure,  Exp.  4,  page  13.) 

I.  Marginal  Convolution, 

1.  Complete  arrest  of   respiration,  due   to  contraction  of   ab- 

dominal and  intercostal  muscles.  This  result  was  got  25 
times  in  the  course  of  f  of  an  hour,  and  there  was  complete 
arrest  for  10  seconds,  but  beyond  this  length  of  time  I  did 
not  care  to  prolong  the  stimulation,  because  I  was  afraid  of 
killing  the  animal.  Whenever  stimulation  was  stopped  the 
abdominal  muscles  were  felt  and  seen  to  relax,  the  chest 
widened  and  an  audible  inspiration  took  place.  To  make 
quite  sure  about  the  contraction  of  the  intercostal  muscles, 
1  placed  the  tips  of  the  fingers  of  my  left  hand  between 
the  ribs,  and  then  stimulated  the  cortical  area.  There  was 
at  once  a  vigorous  contraction,  and  the  ribs  were  felt  to 
approach  one  another.  Two  assistants  were  also  able  to 
verify  this  contraction  of  the  intercostal  muscle^t. 

2.  Elevation  and  retraction  of  hind-foot. 
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II.  LcUeral  Convolution. 

3.  Elevation  and  retraction  of  angle  of  mouth  (laughing  motion). 

4.  Closure  of  opposite  eyelid. 

5.  Eye  of  opposite  side  rotates  inwards. 

6.  Do.  do.  downwards. 

X  Contraction  of  pupil  (?).     The  contraction  did  not  always 
take  place. 

7.  Movements  of  the  front-leg,  being  at  one  time  grasping 

movements,  and  little  further  back  walking  movements,  or 
consisting  simply  in  the  elevation  of  the  paw. 

8.  Movement  of  hind-leg,  it  being  as  a  rule  drawn  up. 

By  placing  one  point  of  the  electrode  on  the  anterior  point 
of  No.  7  and  the  other  electrode  on  No.  8,  peculiar  walk- 
ing, or  rather  swimming,  movements  were  obtained. 

This  centre  is  always  situated  in  the  beaked  anterior  end 
of  the  lateral  convolution ;  and  because  of  the  purposive 
movements  of  the  limbs,  one  might  consider  it  the  centre 
presiding  over  or  governing  locomotion,  and  working 
conjointly  with  the  so-called  motor  centres  in  the  sigmoid 
gyrus,  these  latter  being  the  special  centres  for  individual 
muscles. 
9  and  11.  Concha  of  ear  drawn  forwards. 
10.  Concha  turned  out,  ear  pricked. 

Experiment  5. — Large,  fully-grown  male  cat.     Ether  and  Morphia 
ansesthesia.     (Figure,  Exp.  5,  page  13.) 

I.  Marginal  Convolution.     Movements  of  neck,  paw,  leg,  and  tail  were 
obtained  similar  to  the  Experiments  1-4. 

IE.  Lateral  Convolutimi. 

1.  Whiskers  move  forwards,  accompanied  by  protrusion  of  lips 

as  in  kissing  movement 

2.  Retraction  of  whiskers. 

3.  Closure  of  eye  on  opposite  side.     The  upper  lid  moves  most. 

4.  Eyebrow  pulled  backwards. 

5.  Eye  moves  out  and  up. 

6.  „  „  purely  out. 

7.  „  „  down  and  out. 

8.  „  „  up  and  out. 

9.  „  „  (same  as  No.  6). 

10.  Playing  movements  of  opposite  front-paw. 

11.  Walking  movement     Front-leg  moves  most. 

III.  Supra-Sylvian  Convolution, 

12.  Ear  laid  against  the  head,  as  during  a  fight. 

13.  Ear  turned  forwards  and  depressed. 

14.  Ear  rotated  inwards. 

15.  Before  stimulation   the   ear  was   looking   forwards,  but  on 

stimulation  it  was  everted  backwards. 
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IV.  Sylvian  Convolution, 

16.  Tongue  pushed  forwards. 

17.  Tongue   pulled  back,  with   the  centre  depressed,  and   the 

margins  and  the  tip  of  the  tongue  raised. 

18.  Tongue  purely  drawn  backwards. 

19.  Swallowing  movements  several  times  repeated. 

Rbcapitulating  shortly,  we  find  therefore  in  the  cat  four  con- 
volutions, having  chiefly  the  following  functions  : — 

I.  The  marginal  C : — Movement  of  the  neck,  trunk,  limbs, 

and  tail. 

II.  Lateral  Con  vol.: — Movements  of  mouth. 

Closure  of  eye. 
Eye  movements. 
[Walking  movements.] 

III.  Supra-Sylvian  C : — Ear  movements. 

IV.  Sylvian  Convol. : — Movements  of  the  jaws. 

Movements  of  the  tongue. 
Swallowing  movements. 

Comparing  the  cerebrimi  of  the  Dog  with  that  of  the  Cat,  we 
saw  that  in  the  former  the  lateral  convoL  attains  its  maximum 
development  posteriorly,  while  in  the  Cat  the  reverse  holds  good. 
As  the  area  under  consideration  represents  the  visual  centre,  by 
simply  looking  at  these  two  carnivorous  brains  one  arrives  at 
the  conclusion  that  the  visual  faculties  must  be  more  highly  de- 
veloped in  the  Dog,  an  assumption  which  I  beUeve  is  borne  out 
if  one  watches  the  behaviour  of  these  two  animals.  On  the  other 
hand,  grasping  and  clawing  movements  are  extremely  well  de- 
veloped in  our  domestic  cat,  whose  ancestors  must  have  led  an 
arboreal  existence,  and,  going  hand  in  hand  with  this  faculty,  we 
find  a  highly  developed  circumscrib'ed  area  in  the  beaked  anterior 
part  of  the  lateral  convolution,  mapped  out  by  x  in  fig.  8, 
Plate  I. 

Just  as  the  sense  of  vision  is  especially  developed  in  the  Dog, 
so  the  sense  of  hearing  has  attained  a  special  development  in  the 
Cat ;  and  again  we  find  that,  in  connection  with  this  sense,  the 
feline  pallium  has  been  changed  from  the  supposed  more  primi- 
tive condition,  in  which,  p.g.  as  in  Mustela,  we  have  a  number  of 


i 
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concentric  convolutiona  I  am  referring  now  to  the  annectent 
convolution, — which  joina  the  supra-sylvian  and  sylvian  gyri, 
and  the  stimulation  of  which  always  leads  to  ear  movementa. 
In  a  surface  view  of  the  Cat's  brain  this  region  is  seen  to  bulge 
out,  and  here  the  brain  attains  its  maxunum  width.  In  the  Dog 
the  maximum  ividth  is  attained  posteriorly,  due  to  special  de- 
velopment of  the  lateral  convolution.  [Compare  figs.  1  and  2, 
5  and  8,  on  Plate  I.] 


The  Anatomy  and  Physiology  of  the  In-'^rtivorous  Brain. 

(Compare  Plate  I.  figs.  3  and  4.) 

As  far  as  I  have  been   able  to   ascertain,  the   brain  of  our 

largest  insectivore,  namely,  the  Hedgehog,  is  always  described 
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as  perfectly  smooth.  This,  however,  is  not  the  case.  As  the 
above  photographs  show,  it  is  possible  to  recognise  constantly 
two  shallow  depressions  on  the  cranial  surface  of  the  pallium 
(7  and  ?). 

The  greatest  length  of  the  pallimn  =  15  mm. 
„         breadth  „  =  18  mm. 

The  first  transverse  depression  (No.  7)  is  at  about  the  junction 
of  the  first  and  second  fourth;  if  one  takes  the  mesial  longitudinal 
fissure  as  a  vertical  line,  and  then  draws  two  lines  at  right  angles 
to  it,  one  touching  the  frontal,  the  other  the  occipital  pole  of  the 
pallium.  In  the  brain  from  which  I  took  the  above  measure- 
ments, the  transverse  depression  lay  4  mm.  behind  the  frontal 
pole ;  it  measured  4 J  mm.  in  length,  ran  downwards  and  slightly 
backwards,  reaching  neither  the  mesial  longitudinal  nor  the 
rhinal  fissure. 

A  second  very  shallow  depression  runs  more  antero-posteriorly, 
and  seems  to  correspond  to  the  lateral  fissure  (fig.  3,  ?). 

No  trace  of  a  convolution  or  sulcus  could  be  made  out  on  the 
mesial  surface,  but  a  slight  depression,  corresponding  to  the 
Sylvian  fissure  of  more  highly  convoluted  brains,  I  have  indicated 
by  No.  6  in  the  photographs  3  and  4,  Plate  I.  I  shall  now 
shortly  describe  the  definite  centres  I  found  in  the  Hedgehog's 
brain,  and  then  draw  conclusions  as  to  the  Iiomology  of  the 
transverse  sulcus. 

After  anaesthetising  the  animal  with  ether  it  was  unrolled, 
the  spines  were  clipped  oflf  close  to  the  skin,  the  brain  exposed 
in  the  usual  way,  the  animal  held  in  the  left  hand,  and  first  the 
right  side  stimulated  and  then  the  left  side.  The  same  results 
were  obtained  on  both  sides.    (See  figure,  Exp.  6  on  page  13.) 

1.  Electrodes    placed    on    both  hemispheres    close    to    the 

longitudinal  fissure  and  in  front  of  the  transverse  fissure 
Eetraction  of  head. 

2.  Behind  and  slightly  external  to  No.  1  and  in  front  of  trans- 

verse sulcus  =  Lateral  movement  of  head  to  opposite  side. 

3.  Retraction  of  front-leg. 

4.  Elevation  of  front  leg  and  paw. 

5.  Extension  of  toes  of  fore-limb. 

6.  Flexion  of  toes  of  fore-limb. 

7.  Elevation  of  hind-foot. 
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8.  Extension  of  hind-limb. 

9.  Contraction  of  anus.    Slight  erection  of  penis* 

10.  Mouth  opened  widely. 

11.  Protrusion  of  tongue. 

12.  Betraction  of  tongue. 

13.  Grinding  movements  of  the  jaws. 

We  thus  find  that  the  centres  for  head  movements  lie  in  front 
of  the  transverse  sulcus,  while  behind  it  there  are  placed  inter- 
nally the  centre  for  the  fore-limb,  and  externally  the  centre 
for  eating  movements. 

On  comparing  the  brain  of  the  Hedgehog  with  that  of  the 
Dog  and  Monkey,  it  will  be  seen  that  the  conclusion  arrived  at 
by  Sir  William  Turner,  namely,  "  that  the  prae-sylvian  and  prse- 
central  fissures  are  homologous  "^ — a  conclusion  based  on 
Ferrier's  researches — is  fully  borne  out. 

The  "  transverse,"  or  as  we  may  now  term  it  the  "  prae-sylvian  " 
fissure  of  the  Hedgehog  (  =  No.  7,  figs.  3  and  4,  Plate  I). 
corresponds  thus  to  the  first  of  the  three  primary  fissures 
which  have  been  described  by  Pansch^  as  appearing  on  the 
cranial  surface  of  the  brain  of  the  foetal  dog. 

In  addition  to  the  above  I  experimented  on  other  two  hedge- 
hogs, with  results  similar  to  the  above. 

Ancdomy  of  Rabbit's  Brain, 

There  is  a  considerable  literature  dealing  with  the  surface 
anatomy  of  the  brain  of  Eodents ;  but  in  as  much  as  this  essay  is 
only  meant  to  establish  as  far  as  possible  the  homoplasty  of  the 
Rabbit's  brain,  I  shall  restrict  myself  to  a  short  historical  account 
of  the  pallium  as  described  by  former  observers,  and  then  pass  on 
to  a  minute  description  of  the  brain  as  it  appears  when  fixed  by 
my  sublimate  method. 

All  observers  are  agreed  in  pointing  out  that  the  pallium 
possesses,  when  viewed  from  above,  a  pyramidal  shape,  the  apex 
of  the  pyramid  being  placed  anteriorly.  Seen  in  profile,  the  brain 
is  usually  described  as  beuig  perfectly  flat  on  its  vertical  aspect. 

As   to  the  division  of  the  pallium  into  a  frontal,  temporo- 

'  Sir  William  Turner^  Ix,  ("Convolutions  of  the  Seals  and  Walrus,"  p.  676). 
*  Pansch,  Centralbl.f,  d,  med,  Wissensch.  1875,  No.  88. 
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parietal,  and  occipital  lobe,  the  opinion  of  authors  varies.  Bevan 
Lewis  ^  reasons  thus : — "  There  is  no  distinct  frontal,  occipital, 
or  temporal  lobe  differentiated  from  the  extra-limbic  mass,  which 
must  be  regarded  as  entirely  constituting  a  parietal  lobe.  We 
therefore  find  no  trace  of  a  fissure  of  Bolando,  as  is  seen  in 
Osmatic  Gyrenc^phales  {e.g,,  Kg  and  Sheep).  We  shall,  how- 
ever, retain  the  terms  frontal  and  occipital  poles  as  indicative 
of  the  anterior  and  posterior  extremity  of  the  hemisphere,  it 
being  understood  that  these  terms  do  not  imply  the  existence 
of  a  frontal  or  occipital  lobe." 

Krause,^  on  the  other  hand,  finds  that  "  the  lateral  margin  of 
each  hemisphere  shows  a  shallow  posteriorly  placed  indentation, 
which  corresponds  to  the  Fossa  Sylvii,  and  which  separates 
the  frontal  from  the  temporal  lobe.  The  mesial  border  of 
each  hemisphere  is  straight,  while  on  the  posterior  border  the 
occipital  lobe  is  seen  as  a  slight  bulging  projection,  covering  the 
anterior  corpora  quadrigemina,  and  placed  close  to  the  mesial 
line. 

Lowe  3  describes  the  lower  aspect  of  the  Sabbit's  brain  thus : 
Laterally  is  seen  the  Sulcus  collateralis  (the  rhinal  fissure) 
bounding  the  lateral  border  of  the  Gyrus  hippocampi  and  the 
mesial  border  of  the  Gyrus  temporaUs,  which  latter  corresponds 
to  the  third  temporal  Gyrus  of  Man. 

On  the  inferior  aspect  of  the  frontal  lobe  the  Sulc.  collateralis 
is  continued  as  the  Sulc.  frontalis,  and  there  the  Gyri  rectus, 
frontalis  medius,  and  inferior  are  to  be  seen. 

Now  as  to  the  convolutions : — 

Flourens*  in  1858  described  and  figured  a  longitudinal  sulcus 
running  in  a  sagittal  direction,  and  since  then  this  sulcus  has 
been  seen  by  all  anatomists  who  have  been  working  at  the 
Rabbit's  pallium,  but  its  exact  extent  forwards  and  backwards  is 
left  extremely  indefinite.  This  sulcus  evidently  corresponds  to 
the  lateral  fissure  of  the  Dog's  brain. 

A  second  sulcus,  running  parallel  to  the  lateral  one,  has  been 

^  W.  Bevan  Lewis,  '*  On  the  Comparative  Structure  of  the  Brain  in  Rodents," 
Trams.  PhU.  Soc.,  vol.  178,  pp.  700  and  701. 

^  W.  KraoBe,  Die  Anatomic  d.  Kaninchens  in  topoffraphischer  u.  operativer 
ROekgicht,  Leipzig,  1884. 

'  Lowe,  BeUrdge  z.  Anat.  <£r  Enttoickelgeseh,  d,  Nervensystems,  vol.  1,  1880. 

*  Flonrens,  Ccmptes  refndus^  1868,  T.  47,  p.  803. 

VOL.  xxx.  (n.s.  vol.  X.)  B 
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described  by  Eulenburg  and  Landois,^  and  although  I  have  failed 
to  see  any  such  sulcus  in  the  rabbits  I  examined,  from  the 
results  of  their  experiments  we  may  conclude  that  this  second 
depression  is  the  homologue  of  the  medio-lateral  fissure  of  the 
Carnivorous  brain. 

Ferrier^  has  figured  in  one  of  his  drawings  of  the  Eabbit's 
pallium  a  very  distinct  crucial  fissure,  and  R^thi^  has  done  the 
same. 

On  the  mesial  aspect  of  each  hemisphere  Bevan  Lewis  {Lc.) 
figures  a  splenial  fissure,  consisting  of  a  sub-frontal  and  a  sub- 
parietal  segment,  the  splenial  fissure  being  called  the  limbic  one. 
Broca  also  describes  a  splenial  fissure.  Andriezen^  mentions  a 
shallow  sulcus  on  the  mesial  aspect  of  the  occipital  portion  of 
the  brain. 

The  Pallium  of  the  RABBir. 

Comparing  the  photos  6  and  11  (Plate  I.)  with  one  another,  it 
becomes  at  once  evident  that  the  general  outline  varies  con- 
siderably but  both  brains  are  pyramidal  in  shape,  with  the  apex 
looking  forwards. 

If  one  studies  the  surface  of  the  pallium,  the  following  areas 
may  be  distinguished : — 

1.  A  marginal  convolution,  mapped  out  posteriorly  by  a  very 

distinct  deep  depression,  which  may  be  called  the  posterior 
lateral  fissure  [fig.  11,  36],  and  anteriorly  by  a  leas 
marked  depression,  namely,  the  anterior  lateral  sulcus 
[fig.  11,  3a].  Between  these  two  depressions,  exactly  in 
the  middle  division  of  the  marginal  convolution,  we  fail 
to  see  any  indication  of  the  lateral  fissure,  but  we  notice 
a  distinct  widening  of  the  marginal  convolution,  which  at 
this  point  is  on  the  way  towards  the  formation  of  a 
sigmoid  gyrus  [s],    [See,  later,  experimental  evidence.] 

2.  An  occipital  sulcus  marking  ofif   a  triangular  occipital 

lobule  [o./].  This  lobule  corresponds  probably  to  the 
backward  prolongation  of  the  marginal  convolution. 

3.  A  prae-sylvian  eminence,  corresponding,  as  we  shall  see 

^  Eulenburg  and  Landois,  Firchow's  Arch.  68,  pp.  245-271,  plate  4. 

*  Ferrier,  The/unctions  of  the  Brain,  1886,  fig.  66. 

»  L.  Rethi,  Sitzb.  E.  Acad,  d.  JFiss.  WUn^  1898,  p.  869. 

*  Andriezen,  Brain,  1894, 
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later,  to  the  sylvian  convolution.  It  is  marked  Plate  I., 
fig.  11,  p^e,  and  is  seen  as  a  distinct  bulging  on  the 
lateral  aspect  of  the  brain :  it  commences  about  8  mm. 
behind  the  frontal  pole,  and  is  about  7  mm.  long  in  .a 
surface  view.  In  a  lateral  view  of  the  brain  (Plate  I , 
fig.  9,  ps.e),  it  is  recognised  as  a  well-defined  eminence 
in  front  of  the  Sylvian  fossa  (6). 

4.  A  parietal  eminence,  bounded  anteriorly  by  the  prae-sylvian 

eminence,  externally  by  the  temporal  eminence ;  internally 
by  the  posterior  limb  of  the  lateral  fissure,  and  posteriorly 
by  the  occipital  lobule.     It  is  marked  p.e. 

5.  A  temporal  eminence  [t,e]  forming  the  posterior  inferior 

lobe  of  the  pallium,  and  showing  on  its  lower  aspect  the 
post-rhinal  fissure,  which  divides  it  from  the  hippocampal 
convolution  (figs.  9  and  10,  Plate  I.). 

6.  A  Sylvian  fissure  (Plate  I.,  No.  6  in   fig.   9),  running 

obliquely  upwards  and  backwards. 

Eesum^  of  Eesults  obtained  by  other  Experimentalists. 

To  Ferrier^  belongs  the  great  credit  of  having  been  the  first 
to  investigate  the  brain  of  the  rabbit  in  a  thoroughly 
systematic  manner,  and  no  other  experimentalist  has^  since 
his  first  publication,  added  so  much  to  our  knowledge.  The 
following  centres  were  determined : — 

1.  Twitching  of  upper  lip  and  drawing  head  to  opposite  side. 

2.  Mouth  drawn  to  opposite  side,  munching  movements  on 

opposite  side  of  mouth  as  if  eating. 

3.  The  same  residts  as  sub.  No.  2. 

4  Elevation  of  shoulder,  extension  of  toes.  [The  electrodes 
were  placed  parallel  to  longitudinal  fissure  in  anterior 
region,  where  a  superior  external  convolution  is  indicated.] 

5.  Betraction  and  adduction  of  paw  and  extension  of  toes. 

[In  second  experiment— -flexion  of  toes.] 

6.  Flexion  and  advance  of    right    hind-leg  from  extended 

position. 

7.  Munching  movements  of  left  upper  lip,  grinding  of  jaws 

as  if  eating  vigorously.    Head  drawn  to  left. 

1  Ferrier,  West  hiding  jMnatie  BepartSf  1873,  vol.  3,  pp.  56-60, 
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8  and  9.  Forcible  closure  of  opposite  left  eye. 

10.  Head  turned  to  opposite  side  [electrodes  over  parietal 

region]. 

11.  Munching  of  lips,  opening  and  shutting  of  mouth. 

12.  Similar  to  No.  11.    Distinct  bilateral  action  of  Ups  and 

jaws,  as  if  eatii]^. 

13.  EjB  opened.    Movement  of  ear,  apparently  a  tendency  to 

retraction. 

NothnageV  following  the  advice  of  Prof.  Heidenhain,^  induced 
localised  lesions  in  the  brain  of  Babbits  in  the  following  way : 
An  incision  was  made  through  the  scalp,  and  the  skull  pierced 
with  a  short  stout  needle,  the  handle  of  which  acted  as  a  guard, 
then  a  minute  drop  (^-^  an  ordinary  drop)  of  a  saturated  watery 
solution  of  chromic  acid  was  injected  through  a  silver  cannula. 
By  this  method  two  centres  were  discovered  (see  sketch  of 
original  drawing),  the  first  of  which  lies  12-16  mm.  posterior  to 
frontal  extremity  of  the  brain,  and  which  presides  over  the 
movements  of  the  paw  of  the  opposite  side.  The  power  of 
retracting  the  leg  is  completely  lost  after  destroying  this  centre. 
The  second  centre  lies  on  the  lateral  aspect  of  the  brain  in  front 
of  the  Sylvian  fossa,  and  was  found  to  induce,  when  injured, 
manege-movements,  ie.,  the  animal  when  walking  went  in  a 
circle,  the  direction  of  the  movement  being  towards  the  un- 
injured side.  Obersteiner  experimented  also  with  the  Eabbit.^ 
Albertoni  and  Michieli*  described  in  1875  three  centres  in  the 
brain  of  Rabbits,  lying  behind  one  another,  namely,  centres  for  the 
lower  jaw,  the  fore-leg,  and  the  neck. 

Fiirstner  and  Samt  made  in  the  same  year  experiments  on 
30  rabbits,  with  a  view  of  determining  the  accuracy  of  Ferrier's 
observations.  Samt  died,  and  Fiirstner  published  their  results 
in  1875.* 

'  Nothnagel,  H.,  "  Experimentelle  Untersachungen  ii.  d.  Fanktionen.  d. 
Qehirns,"  Virehaw*$  Areh,,  vol  62. 

^  Heidenhain,  Ceniralbl.  1872,  No.  45. 

'  Obersteiner,  '*  Die  motorischen  Leistungen  d.  Grosshimrinde,"  Strieker's  med. 
JahrhUcher,  1878. 

^  Albertoni,  P.,  e  Micbieli,  M.,  "Soi  centri  cerebrali  di  movimenti,"  pp.  186- 
177,  Lo  Sperimentalef  37. 

*  Fiirstner,  C,  *'  Experimen teller  Beitragz.  electiischen  Reizong  d.  Himrinde," 
Areh./,  Psyehiatr,,  vi.  pp.  719-782. 
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They  found  that  using  a  current  just  sufficiently  strong  to 
produce  an  effect,  that  in  the  30  experiments  lip  movements 
were  obtained  first  in  eighteen  cases — chewing  movements 
in  eight  cases,  and  that  only  in  four  rabbits  the  centre  presiding 
over  the  front  paw  was  found  the  most  easily  excitable. 

To  find  the  centres  for  the  front  paw  and  for  twitching  of  the 
upper  lip,  the  following  directions  are  given  .-—Prolong  the  mesial 
longitudinal  fissure  forwards  and  backwards,  then  draw  at  right 
angles  to  it  two  lines,  one  passing  through  the  most  anterior 
part  of  the  frontal  lobe,  and  the  other  through  the  occipital 
pole.  Bisect  the  mesial  line  lying  between  the  two  parallel 
lines,  and  the  mid-point  of  the  mesial  line  will  correspond  to  the 
centre  of  the  front-paw.  If  the  electrodes  be  shifted  ever  so 
little,  retraction  and  adduction  of  the  leg  is  induced. 

The  facialis  centre  (twitching  of  upper  lip)  is  stated  to  lie 
2-3  mm.  in  front  of  a  line  passing  through  the  centre  for  the 
paw  movement,  and  at  right  angle  to  the  longitudinal  fissure, 
and  on  a  line  drawn  parallel  to  the  longitudinal  fissure  through 
the  mid-point  of  the  hemisphere. 

Terrier's  points  (see  above,  p.  19),  Nos.  1,  3,  4, 7, 10, 13  yielded 
nothing,  and  the  whole  of  the  brain  behind  point  9  was  found  to 
be  unexcitable.  Ferrier's  area  5  =  their  centre  for  the  front  paw 
and  its  stimulation  produces  elevation  of  shoulder  and  extension 
of  fingers. 

Ferrier*s  No.  6  =  flexion  of  foot. 

Between  Nos.  4  and  6  =  simultaneous  movements  of  front 
and  hind  paw. 

No.  2  =  Furstner's  faciahs  centre,  and  below  and  anterior  to  it 
is  the  centre  for  biting  movements,  and  for  single  closing  and 
opening  movements  of  the  mouth.  Lying  posterior  to  this 
latter  centre  is  the  area  which  produces  grinding,  i,e,,  molar 
movements  of  the  jaw.  Using  very  weak  currents,  partial 
stimulation  of  facial  muscles  led  to  movement  of  the  whiskers. 

Kotation  of  the  head  to  one  side  and  epileptiform  seizures  in 
12  per  cent,  of  cases  were  obtained  by  stimulating  a  centre 
upwards  and  forwards  of  ''  K,"  but  what  this  letter  may  mean 
is  not  ex;daij[ied  in  the  above  paper.  There  is  complete  agree- 
ment between  Ferrier  and  Flirstner  as  to  the  centre  producing 
forcible  closure  of  the  eye  (Ferrier's  area  8).    Posterior  and 
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inferior  to  this  eyelid  centre,  very  marked  retraction  of  the 
ear  was  induced. 

Eye  movements  could  not  be  induced ;  and  although  the  eye- 
lids were  kept  open,  observations  failed  to  detect  cmy  change  in 
position. 

Finally  they  sum  up  thus : 

(1)  Movements  obtained  regularly  with  weak  currents : — 

twitching  of  upper  lip  facialis 
eating  movements, 
elevation  of  shoulder, 
extension  of  toes, 
retraction  and  adduction  of  paw. 

(2)  Movements  not  so  regularly  : — 

whisker  movements, 
flexion  of  foot. 

(3)  Movements  got  with  stronger  streams  were  : — 

rotation  of  head. 

closure  of  eye. 

ear  movements. 
The  negative  results  obtained  in  many  cases  are  explained  by 
the  assumption  that  the  conducting  fibres  are  too  deeply  placed. 
This  view  of  course  does  not  account  for  the  unexcitability  of 
the  grey  matter. 

Brown-S^quard  ^  (1875)  believed  to  have  discovered  in  the  Babbit 
a  centre  presiding  over  the  sympathetic  nerve,  because  on  cauterising 
the  middle  lobe  of  the  right  hemisphere  a  paralysis  of  the  cervical 
sympathetic  nerve  seemed  to  be  induced.  There  was  a  rise  in  the 
temperature  of  the  opposite  ear,  etc.  This  view  was,  however, 
completely  disproved  by  the  researches  of  Eulenburg  and  Landois.' 
These  authors,  as  previously  mentioned,  describe  two  longitudinal 
sulci  running  parallel  to  the  longitudinal  fissure,  and  state  that  the 
destruction  of  the  grey  matter  between  these  sulci  leads  to  manege- 
movements  of  the  animal  towards  the  side  not  operated  on. 
Immediately,  or  at  the  latest  one  to  two  hours,  after  cauterising  the 
brain  the  above  effect  was  produced,  and  was  frequently  maintained 
for  several  days  in  unaltered  strength. 

The  same  result  was  obtainable  by  applying  common  salt  to  the 
cerebrum;  and  the  explanation  offered,  that  the  peculiar  movements  of 

^  Brown-S^uard,  "Beoheichee  snr  I'excitabilite  des  lobes  c&r^branx,"  Arch,  de 
Fhynol.  1875,  pp.  856-^66. 

'Eolenbuig,  Alb.,  and  Landois,  L.,  "Die  thennischen  Wirkungen  localisirter 
Reizang  u.  Zerstoningd.  Grosshimoberfliiolie,"  Vtrchow*8  Arch,  68,  pp.  245-271. 
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the  animal  were  due  to  unilateral  destruction  of  the  muscle  inner- 
vation. 

Balogh^  describes  in  the  Rabbit  in  each  hemisphere  four  points 
which  induce  quickened  action  of  the  heart  and  one  place  which 
inhibits  the  heart  As  further  ablation  of  the  hemispheres  induced 
quickening  of  the  heart's  beat^  he  supposed  that  the  inhibitory 
centrum  must  be  more  developed  in  the  brain,  e,g.,  he  stimulates 
motor  centres,  induces  contraction  of  muscles,  accelerates  the  return 
of  the  blood  to  the  hearty  excites,  &c.  Therefore  his  conclusions  are 
useless. 

The  papers  by  Lussana  and  Lemoigne,^  and  by  Luciani  and 
Tamburini,^  I  was  unable  to  obtain. 

Tarchanow  ^  found  round  the  '*  Sulcus  cruciatus  '*  motor  centres 
for  the  facial  muscles  and  the  extremities,  and  also  for  eating 
movement& 

He  points  out  that  the  brain  of  the  guinea-pig  shows  at  birth 
four  distinct  furrows,  and  that  the  cerebrum  completely  covers  the 
cerebellum ;  the  nerves  are,  further,  medullated.  In  the  Babbit^  on 
the  other  hand,  the  fibres  at  birth  are  non-medullated. 

Bufalini  ^  found  that  stimulation  of  those  centres  of  the  cerebrum 
which  govern  the  movements  of  the  jaw  also  lead  to  increased 
gastric  secretion  and  to  an  elevation  of  the  temperature  of  the 
stomach. 

Moeli^  cauterised  the  brains  of  28  Eabbits,  and  arrived  at  the 
following  conclusion :  Destruction  of  an  area  lying  between  the 
centres  for  lip  and  leg  movements  produced  loss  of  muscle-sense  in 
the  opposite  fore-leg.  His  fig.  2  shows  an  area  for  the  paw 
centre  [f]. 

On  cauterising  the  area  lying  external  to  the  posterior  division  of  the 
lateral  fissure  on  the  right  side,  there  resulted  blindness  on  the 
opposite  side.  This  loss  of  vision  was  very  marked  on  the  first  three 
days,  but  towards  the  6th  day  vision  had  improved  sufficiently  to  pre- 
vent the  animal  knocking  against  any  obstacle.  Now  a  still  greater 
part  of  the  left  hemisphere  was  cauterised,  which  resulted  in  com- 
plete blindness  of  the  right  eye.     No  improvement  whatever  by 

^  Balogh,  K,  "  Untersuchungen  u.  d.  FuDktion  d.  Grosshimhemispharen  u.  d. 
kleinen  HimB,"  Siizbr.  d.  k,  ungar.  Akad,  d.  Wias,  7,  vol.  8.  (1876).  [Hongarian.] 

'LuBsana,  Ph.,  et  Lemoigney  A.,  "Des  centres  moteurs  enc^phaliqaes,  Re- 
oherehes  physio-pathologiqnes,"  Arch,  de,  physioL  norm,  et  pathoL,  1877,  pp. 
119-145,  pp.  842-399,  plate  4.     SperimenicUe  89,  pp.  372-414  and  480-520. 

'  Lndani  and  Tambarini,  "  Snile  fonzioni  del  cervello.  1.  a.  oommun.  Sui  centri 
psioo-moitori  corticali/'  8.  7  Stn.    Reggio-Emilia,  1878. 

^Tarchanow,  J.  R.,  "  Uber  peychomotorische  Centren  bei  neogeborenen  Thieren 
a.  ihre  Entwickelnng  unter  dem  Einflosse  verschiedener  Bedingangen, 
MUmrant  Journal,  Oct  and  Nov.  1878.     [Rassian.] 

'Bufalini,  6.,  "  Dell'  influenza  deir  eccitazione  della  corteccia  cerebrale  snlla 
secrezlone  gastrica.  Rendioonto  della  ricerche  sperimentali  esegnite  nel  gabinetto 
firiol.  di  Siena,"  Anno.  1878-79.     II.  55-59.     Siena,  1879. 

^Moeli,  C,  "Vennche  an  d.  Grosshimrinde  d.  Eanincbens,"  F%rchow*8  Arch, 
76,  pp.  475-484,  plate  7,  figs.  1-8. 
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the  6th  day,  when  the  animal  had  to  be  killed  because  of  conyid8ion& 
The  left  eye  was  able  to  see,  and  no  such  symptoms  as  resulted  from 
the  cauterisation  of  the  right  hemisphere  could  be  detected. 

The  vision^entre  determined  in  this  way  by  Moeli  corresponds  to 
Ferrier's  centre  "  8/'  which,  as  we  saw  above,  leads  to  closure  of  the 
'  eye,  and  corresponds  to  centres  which  give  rise  to  definite  eye-move- 
ments (see  later). 

R^thi  ^  has  made  the  centres  for  chewing  and  swallowing  his 
special  study.  He  describes  and  figures  a  centre  lying  anterior  and 
external  to  the  motor  area  for  the  front-leg,  and  states  that  from  its 
anterior  and  external  portion  ruminating,  i.e.  horizontal,  movements 
may  be  obtained,  while  biting  or  gnawing  movements  are  governed 
over  by  those  parts  of  the  centre  lying  nearest  the  leg  area. 

E^thi  states  definitely  that  his  centre  is  a  co-ordinating  centre,  and 
that  it  does  not  preside  over  single  muscles.  Its  stimulation  produces 
all  the  movements  of  ordinary  chewing,  which  are  frequently  followed 
by  an  act  of  deglutition.  That  the  swallowing  was  not  induced 
reflexly  by  sensory  impulses  passing  from  the  mouth  to  the  brain  was 
determined  thus  : — the  lips,  tongue,  palate,  and  jaw  were  removed  and 
the  brain  again  stimulated : — deglutition  occurred  as  before. 

Spencer  ^  has  investigated,  amongst  other  animals,  also  the  Rabbit, 
to  determine  the  influence  of  a  faradic  stimulation  of  the  brain  on  the 
act  of  respiratioa  Two  photographs  of  the  Babbit's  brain  are  given 
and  the  following  centres  are  described : — "  When  viewing  the  dorsal 
aspect  of  the  rabbit's  brain  ...  an  artery  is  seen  coming  up  between 
the  edge  of  the  hemisphere  and  the  falx  cerebri,  and  then  turning  over 
on  the  convex  surface  and  running  outwards  in  a  line  which  suggests 
the  position  of  the  crucial  sulcus  in  the  Cat  and  Dog.  When  the 
pia  mater  is  carefully  stripped  off,  a  groove  remains.  This  vessel 
serves  to  indicate  the  place  where  marked  acceleration  can  be  obtained 
in  this  animal  when  the  electrodes  are  placed  astride  of  the  vessel 
near  the  margin.  An  area  of  2  mm.  in  diameter  overlapping  the 
margin,  t.e.  extending  a  little  way  on  to  the  mesial  surface,  is  about  the 
limit  within  which  t^is  phenomenon  is  markedly  represented." 

I  have  given  Spencer's  words  verbatim,  because  I  failed  to  produce 
accelerated  breathing  in  non-anaesthetised  animals.  The  area  in 
question  is  situated,  as  measurements  of  the  photograph  have  shown 
me,  exactly  at  the  junction  of  the  first  and  second  fourth. 

Slowing  and  arrest  of  respiration  were  brought  about  by 
stimulating  an  area  just  outside  the  olfactory  tract  in  front 
of  the  point  where  the  tract  joins  the  temporo-sphenoidal 
lobe.    We  know  that  stimulation  of  the  olfactory  nerve,  e,g. 

^  mthi,  L.,  "  Das  Rindenfeld,  die  subcortioalen  Bahnen  u.  d.  Coordinations- 
ceutram  d.  Kanens  a.  SchluckeDS,  SUzber.  K.  Akad,  d.  Wiss,  Wien,  1898,  p.  959. 

'  Spencer,  W.  G.,  "  The  effect  produced  upon  respiration  by  faradic  ezcitatioii 
of  the  Cerebrum  in  the  Monkey,  Dog,  Cat,  and  Babbit,"  PhUosaphical  Transact. 
vol.  185,  1894,  p.  609. 
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through   ammonia,  will    also    produce    arrest    of    respiration 
(G.  M.). 

Over^nspiTxttory  Clamis  was  obtained  by  stimulating  the 
junction  of  the  olfactory  bulb  and  tract,  and  on  continuing  to 
apply  the  stimulus  backwards  along  the  olfactory  tract,  was 
traced  into  the  imcinate  convolution  of  the  temporoHsphenoidal 
lobe. 

New  Observations  on  the  Brain  of  Eabbits. 

I.  Method  of  locating  the  various  centres. 

The  way  I  proceeded  to  determine  with  absolute  preciseness 
the  position  of  each  centre  was  as  follows : — 

After  fully  exposing  the  brain,  the  periosteum  was  stripped 
of  the  posterior  part  of  the  nasal  bones,  and  they  were  marked 
with  a  deep  line  running  across  and  at  a  right  angle  to  the  mesial 
plane.  Where  this  mark  crossed  the  junction  of  the  two  nasals, 
a  spot  was  obtained  from  which,  as  a  fixed  point,  all  distances  in 
on  antero-posterior  plane  could  be  readily  measured. 

When  experimenting,  e.g.  on  the  marginal  convolution,  I 
ascertained  first  of  all  how  far  forwards  it  was  possible  to  obtain 
a  definite  reaction.  Whenever  this  point  had  been  found,  its 
distance  from  the  mark  on  the  nasal  bone  was  determined  by 
placing  one  limb  of  the  pair  of  compasses  on  the  nasal  bone  and 
the  end  of  the  other  limb  midway  between  the  two  points  of  the 
electrodes.  Then  the  distance  was  expressed  in  millimetres,  say, 
for  example,  20  mm.  =  stilting  movement  of  opposite  fore-limb. 
In  this  way  every  millimetre  of  the  whole  of  the  marginal  con- 
volution was  investigated,  but  whenever  an  area  outside  this  con- 
volution had  to  be  marked  down  for  future  comparison,  a  double 
measurement  was  required,  and  I  proceeded  by  drawing  through 
the  area  in  qucastion  an  imaginary  line,  intersecting  the  longi- 
tudinal fissure  at  a  right  angle.  Then  the  distances  from  the 
point  of  intersection  to  the  mark  on  the  nasal  bones  and  to  the 
centre  of  the  area  under  observation  were  noted  down. 

When  working  at  the  lateral  and  inferior  aspects  of  the 
cerebrum  I  made  use  of  photographs  showing  a  brain  with  a 
printed  scale,  each  mesh  of  which  equalled  2  mm.,  and  it  was 
found  best  to  take  measurements  in  these  cases  from  the  most 
anterior  part  of  the  frontal  lobe,  using  the  rhinal  fissure  as  an 
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abficiflsa.    [See  figure,  Exp.  11a,  pi^e  14,  lateral  view  of  a  Sabbit's 
brain,  with  a  mm.  square  scale  superimpcNsed.] 

Ab  soon  as  the  experiment  was  finished  the  animal  was  killed 
with  chloroform,  and  then  the  following  measurements  taken : 

1.  Distance  of  mark  on  nasal  bone  from  the  most  anterior 

part  of  the  frontal  lobe. 

2.  The  total  length  of  the  pallium. 

3»  The  total  width  of  the  pallium  at  the  indentation  corre- 
sponding to  the  Sylvian  Fissure  and  at  the  broadest  point 
of  the  pallium,  t.e.  in  the  temporo-parietal  region. 

The  figures  giving  the  distance  of  each  area  from  the  landmark 
on  the  nasal  bone  were  converted  into  figures  expressing  the 
distance  of  each  centre  from  the  frontal  pole ;  an  enlarged  outline 
of  each  brain  was  then  drawn  to  scale  on  paper  ruled  into  squares, 
and  each  centre  put  into  its  place.  [See  maps  illustrating  the 
experiments,  pages  13, 14] 

No  reaction  has  been  recorded  which  was  not  obtained  at 
least  twelve  times  in  each  respective  centre,  an  interval  of  a 
half  to  one  minute  elapsing  between  each  new  application  of  the 
electrodes. 

Experimjent  7,  Fig.  on  page  13. — ^Female  rabbit,  rather  small.  Total 
length  of  brain  32  mm.  Length  from  frontal  pole  to  pineal  body 
29  mm.     Width  in  parietal  region  of  one  hemisphere  13^  mm. 


No.  on 

Map. 

Distance  from 
Frontal  Pole. 

Effect  on  Opposite  Side. 

1 
2  and  8 
4 
6 
6 
7 

8 

9 
10 
11 

12 

18 
14 
16 
16 

4  mm. 
7,9 
11 
12 
13i 
15 

16 
17 
19 
20 
26i 

3 
4 
6 
9 

Head  moves  laterally  and  downwards. 
Head  movee  purely  laterally. 
Head  rotates  ont  and  np. 
Head  moves  as  sab.  No.  4  bnt  more  vigoroosly. 
Head  rotates  especially  upwards. 
Head  drawn  purely  upwards,  probably  due  to  bi- 
lateral stimulation. 
Paw  raised.     Retraction  of  upper  arm. 
Fore-limb  straightened  and  aoKiuoted. 
Fore-limb  fully  flexed. 
Hind-foot  flexed. 
Both  hind-legs  kick  out  as  in  ordinary  locomotion. 

Distance  from 
Mesial  Line. 

EleTation  of  als  of  nose. 
Betnustion  of  an^le  of  month. 
Retraction  of  whiskers. 
Upper  lip  drawn  up. 

8-4  mm. 
8-4 
8-4 
8-4 
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It  will  be  seen  tiiat  the  centres  for  the  neck,  arm,  and  leg  lie 
behind  one  another,  and  close  to  the  mesial  line,  while  anteriorly  and 
external  to  the  marginal  convolution  are  the  centres  for  facial 
movements. 


E3g[>eriment  8,  Fig.,  page  13. — Full-grown  male  rabbit.  Length  of 
brain  35  mm.  Width  10  mm.  behind  the  frontal  pole  *>  10  mm. 
Greatest  width  of  each  hemisphere  in  the  temporo-parietal  region 
=  15  mm.    Brain  shows  an  abnormally  oval  outline. 


No.  on 
Map. 


1 
2 
8 


12 
13 

14 


15 
16 


Distanoe  from 
Frontal  Pole. 


6  mm. 

7 

9 


10 


5 

11 

6 

12 

7 

14 

8 

15i 

9 

16 

10 

184 

11 

181 

204 
21 

23 


10 
12 


Effect  on  Opposite  Side. 


Head  moves  laterally. 

Head  moves  laterally  and  downwards. 

Head  moves  specially  laterally,  with  slight  tendency 

to  rotation. 
Head    rotates.      When     both    hemispheres     are 

stimulated,  head  is  drawn  purely  bacK. 
Head  rotates. 

Head  rotates  and  mouth  lifted  up. 
The  upward  movement  is  more  marked. 
Apparent  retraction  of  head,  due  to  shrugging  of 

shoulders. 
Fingers  spread. 
Arm  supinated  inwards. 
While  m  a  prone  position,  the  wiist  is  dorsiflexed 

and  fingers  are  spread. 
Abduction  and  slight  retraction  of  arm. 
(Just  external  tomaiginal  convolution) = Elevation  of 

shoulder. 
—Abduction 
of  arm. 


>i 


)} 


>> 


Distance  from 
Mesial  Line. 


Retractioii  of  the  cbMk. 
Chewing  morementa. 
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Experiment  9,  Fig^,  page  14. — ^Large  male  rabbity  fully  grown. 
Length  of  brain  37^  mm.     Widtb  of  brain  32  mm. 


13 
14 
15 


16 


17 


18 


19 
20 


No.  on 

Distance  from 

Map. 

Frontal  Pole. 

1 

6  mm. 

2 

71 

3 

9 

i 

10 

5 

-12 

6 

+  12 

7 

13 

8 

14 

9 

16 

10 

164 

11 

17 

12 

18 

28 
29 
80 


32 


18 


18 


20 
20 


Effect  on  Opposite  Side. 


Head  moved  down  and  slightly  lateral. 

Head  moved  pnrely  laterally. 

Head  feebly  rotated. 

Rotation  well  marked. 

Head  slightly  retracted,  but  well  elevated. 

Head  especially  elevated  and  slightly  retracted. 

Head  purely  retracted. 

Head  pnrely  elevated. 

Head  slightly  elevated,  with  marked  lateral  move- 
ment. 

FiDgers  are  spread. 

Flaw  is  elevated. 

Hand  clasps.  Feet  resting,  the  thorax  is  thrown 
forwarcLB. 

EUECTBODBS  PLACED  ON  BOTH  BIDES. 

Adduction  of  thigh. 


Distance  from 
Mesial  Line. 


6i  mm. 


11 


10 
15 
Shaded  area 


Tail  moves  upwards  and  then  de- 
fecation. Within  ten  minutes 
the  animal  was  made  to  defecate 
four  times. 

Animal  turns  towards  opposite  side, 
due  to  lateral  curvature  of  the 
spine.  Mouth  is  brought  on  a 
level  with  the  shoulder-blade. 

On  stimulating  the  corresponding 
region  on  the  opposite  side,  the 
same  results,  but  in  the  opposite 
direction,  were  obtained,  accom- 
panied by  a  few  chewiiig  move- 
ments. 

Animal  1b  in  sitting  posture,  but  on 
stimulation  moves  its  heed  for- 
wards and  somewhat  laterally 
towards  opposite  side  as  if  in 
search  for  food. 

Movement  of  nostrils,  and  head  is 
turned  to  opposite  side. 

Head  is  lifted  up. 

When  stimulating  this  region,  I 
have  found  it  bwt  to  separate  the 
points  of  the  electrodes  six  to 
seven  millimetres,  and  to  place 
them  antero-posteriorly. 


U.— Hale  rabbit,  fall  grown. 
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Eo^periment  11,  Fig&  11a  and  11b,  page  14. — Fnlly-grown  female 
rabbit. 

The  steps  in  the  preliminary  operation,  performed  under  deep 
ansBBthesia,  were  shortly  these  : — 

The  oomea  was  removed, — ^the  lens  and  vitreous  humour  extracted, 
taking  care  not  to  ii\jure  the  ciliary  processes  and  the  retina,  to  prevent 
all  bleeding.  One  long  incision  was  then  made  from  the  middle  of 
the  nasal  bones  to  the  occiput; — the  periosteum  detached  and  the 
masseter  muscle  separated  from  its  cranial  insertion ;— then  removal 
of  the  frontal  and  parietal  bones,  the  anterior  and  posterior  supra- 
orbital processes,  the  zygomatic  arch,  the  masseter  muscle,  the 
squamous  portion  of  the  temporal  bone,  and  the  coronoid  and  condy- 
loid processes  of  the  lower  jaw.-  The  next  step  consisted  in  compres- 
sing the  bulb  of  the  eviscerated  eye,  taking  care  not  to  pull  on  the 
optic  nerve ; — then,  lastly,  removing  the  lachrymal  gland,  and  securing 
the  optic  nerve  with  its  vessels  by  means  of  an  artery  clamp. 

Whenever  this  preliminary  operation  was  completed  the  dura  was 
removed,  the  brain  was  carefully  wrapped  up  in  absorbent  cotton-wool, 
and  the  animal  not  disturbed  for  three-quarters  of  an  hour,  because  the 
ether  narcosiB  had  to  pass  off,  and  the  animal  to  pass  into  as  normal 
a  condition  as  possible  by  sleeping  for  30  to  sometimes  60  minutes. 

By  the  above  operation  the  pallium  is  fully  exposed  on  one  side, 
the  rhinal  fissure  is  seen,  and  is  made  use  off  as  an  abscissa  line  for  the 
calculation  of  the  distances  of  the  various  centres. 
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Effect  on  Opposite  Side. 


Upijer  lip  purely  retracted. 

WniskerB  retracted. 

Upper  and  lower  lip  both  protruded. 

Lower  lip  drawn  down. 

Cheeks  drawn  in  and  lips  suddenly  separated,  giving  rise  to  a  very 
marked  smacking  sound. 

Lips  separate  first.  This  is  followed  by  the  lower  jaw  being  drawn 
down. 

Tongue  is  pushed  forwards  without  any  lateral  deviation. 

Tongue  retracted. 

Palate  is  raised. 

Gnawing  movements,  i.e.  mouth  opens  and  doses. 

Lateral,  %,e,  ruminating,  movements  of  lower  jaw. 

Eye  looks  daumwards  and  backwards. 

Eye  looks  upwards  and  forwards. 

Eye  Ifxiksfanowrda, 

Eye  looks  backwards  and  downwards. 

Eyebrow  is  elevated.    Opening  of  eye  due  to  raising  of  upper  eyelid. 

Concha  of  semi-elevated  ear  is  turned  backwards. 

Concha  of  ear,  being  widely  open,  everted,  and  elevated,  is  turned 
forwards. 

Concha  is  moYeA.  forwards  and  slightly  elevated. 

Ear  is  raised :  this  is  best  seen  and  without  any  additional  move- 
ment at  area  No.  22. 

Ear  is  appressed,  i.e.  concha  lying  perfectly  flat  is  seen  to  be  still 
more  addnoted. 


HOMQPLASTT  OF  THK  BRAIN  OF  BODKNTS,  KTC. 
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Brain  of  Cat. 
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Becapitulating  shortly  the  resultB  obtained  by  the  experi- 
mental part  of  the  research,  we  find — 

1.  The  psychomotor  centres  for  the  neck,  arm,  1^,  tail,  and 
anus  lie,  in  the  order  indicated,  from  before  backw8a*ds  close  to 
the  mesial  longitudinal  fissure. 


Brain  of  Rabbit 


The  centres  for  the  arm  and  trunk  lie  in  the  bulging  part  of 
the  marginal  convolution,  giving  rise  to  a  primitive  sigmoid 

gyrus. 

2.  Facial  movements  are  produced  by  centres  lying  external  to 
the  neck  centres,  while  eye  movements  are  produced  from  centres 
lying  external  to  the  posterior  limb  of  the  lateral  fissure. 
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In  the  carniyora  the  centres  for  facial  and  eye  movements  lie 
in  the  lateral  convolution;  we  have  therefore,  as  regards  the 
second  external  convolution,  the  same  arrangement  in  rodents 
and  carnivorea 

3.  The  Sylvian  Fissure  forms  in  the  Babbit  a  sharp  line  of  de- 
marcation between  the  centres  presiding  over  eating  movements 
— situated  anteriorly — and  the  centres  presiding  over  ear  move- 
ments— situated  posteriorly.  Both  the  eating  and  ear  centres 
may  be  recognised  as  definite  eminences,  but  no  trace  of  sylvian 
or  supra-sylvian  tiers  are  to  be  made  out.  It  may,  however,  be 
permissible  to  apply  the  term  of  prse-sylvian  eminence  to  the 
region  lying  in  front  of  the  sylvian  fissure  and  above  the  prse- 
rhinal  fissure,  while  that  part  of  the  palHum  lying  behind  the 
sylvian  fissure  and  just  above  the  anterior  half  of  the  post-rhinal 
fissure  may  be  called  the  temporal  eminence. 

The  prae-sylvian  eminence  corresponds  physiologically  to  the 
orbital  lobe  (Langley)  and  the  prae-sylvian  portion  of  the  sylvian 
(and  perhaps  supra-sylvian)  convolutions,  because  on  stimulation 
eating  movements  result 

Above,  I  have  stated  that  I  succeeded  in  getting  a  centre  for  pur- 
posive walking  movements  in  the  Cat  No  such  centre  could  be 
detected  by  faradic  stimulation  in  Babbits,  but  it  must  be  borne 
iu  mind  that  Nothnagel  succeeded  in  producing  manege-move- 
ments in  Babbits  by  cauterising  a  portion  of  the  brain,  which,  as 
regards  position,  might  very  well  be  considered  to  be  homologous 
with  the  Cat's  brain. 

Just  as  there  is  situated  in  the  anterior  end  of  the  lateral 
convolution  a  special,  and  we  may  say  highest,  centre  which 
apparently  presides  over  the  so-called  motor  centre  proper, 
so  there  is  an  analogous  higher  centre  which  presides  over  the 
complicated  mechanism  employed  in  eating  and  swallowing 
movements :  this  higher  centre  is  situated  just  external  to  the 
sigmoid  gyrus  and  somewhat  anterior  to  it,  both  in  the  Dog 
(Ostankow  and  Bechterew),  the  Cat  (G.  M.),  and  the  Babbit 
(Rethi),  while  the  true  motor  centres  lie  close  to  the  rhinal 
fissure  in  the  orbital  lobe  (G.  M.) 

The  second  or  lateral  convolution  is,  to  its  greatest  extent,  the 
centre  presiding  over  eye  movements,  there  being  circumscribed 
areas  for  each  of  the  different  movements  of  the  eye.     Similarly, 
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the  third  convolution  presides  over  the  various  ear  movements ; 
and  inasmuch  as  I  have  been  unable  to  obtain  these  eye  and 
ear  movements  by  the  stimulation  of  the  sigmoid  gyrus,  which 
presides  over  the  neck,  trunk,  and  limb  muscles  generally,  we 
must  regard  the  combined  motor  areas  in  the  carnivoi-a  and 
insectivora  as  very  extensive  indeed. 

In  the  experiments  cited  above  no  centres  for  the  anus  and 
bladder  in  the  Cat  have  been  indicated,  but  repeatedly  I  have 
got  defsecation  and  micturition  by  stimulating  the  region  round 
the  tail  centre.  In  the  Eabbit  one  may  obtain  constantly 
dilatation  of  the  pupil  by  stimulation  of  the  anterior  part  of 
the  psycho-motor  area  presiding  over  eye  movements,  while  by 
stimulation  of  the  posterior  portion  one  gets  almost  constantly 
contraction  of  the  pupil. 

In  the  Hedgehog  I  have  still  to  discover  the  extent  of  the 
motor  areas  presiding  over  the  eye  and  ear  movements,  and  hope 
to  do  so  shortly. 


DESCRIPTION  OF  PLATE  I. 

No.  1.  Dog's  brain  seen  from  above. 
5.  Dog's  brain  seen  in  profile. 
2.  Cat's  brain  seen  from  above. 

8.  Cat's  brain  seen  in  profile. 
3  and  4.  Erinaceus  brain  in  f  and  ^  view. 
6  and  11.  Rabbit's  brain  seen  from  above. 

9.  Rabbit's  brain  in  profile. 
7.  Rabbit's  brain  seen  from  behind. 

10.  Rabbit's  pallium,  the  cerebellum  and  mid-brain  removed. 
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DESCRIPTION  OF  FIGURES  AND  LETTERS. 


a  »  marginal  convolution 
b  s  lateral  convolution 
c  =  supra-Sylvian  convolution 
d  —  Sylvian  convolution 
e  «  olfactory  lobe 
or  s-  orbital  lobe 
8  =  sigmoid  gyrus 
p  =»  vertical  iisaure  J 

dm  a  cerebellum. 
m.cL  a>  marginal  convolution. 
o,L  »  occipital  lobe. 
p.e.  =»  parietal  eminence. 
pn.b.  =  pineal  body. 
/>.«.«. «  prae-Sylvian  eminence. 

p./.  =  post-rhinal  fissure. 
sphl. « sphenoidal  lobe. 
t.e,  =  temporal  eminence. 

1.  Longitudinal  fissure. 

2.  Crucial  fissure. 

3a.  Pne-lateral,  3b.  Post-lateral  fissure. 

4.  Medio-lateral  fissure. 

5.  Supra-Sylvian  fissure. 

6.  Sylvian  fissure. 

7.  Prse-Sylvian  fissure. 

8.  Coronal  fissure. 

9.  Rhinal  fissure. 


in  the  brain  of  the  Dog  and  Cat. 


ON  THE  CLINICAL  VALUE  OF  THE  FOUR-ROOT 
THEORY  OF  THE  CRANIAL  NERVES.  By  T.  K. 
Monro,  M.A.,  M.D.,  F.F.P.S.G.,  Assistant  Physwmn  to  the 
Royal  Infirmary^  a7id  Pathologist  to  the  Victoria  Infirmary 
of  Glasgotv. 

The  distinction  between  anterior  and  posterior  roots  of  spinal 
nerves  is  at  once  obvious,  and  Sir  Charles  Bell  showed,  early  in 
the  present  century,  the  associated  difference  in  function  between 
the  two.  Bell  also  noticed,  long  ago,  that  the  cranial  nerves  are 
arranged  in  two  linear  series,  and  he  thought  that  the  lateral 
group  (which  he  classed  with  the  phrenic  nerve  and  the  posterior 
thoracic  or  external  respiratory  nerve)  were  especially  connected 
with  respiration.  Dr  Alex.  Hill  noticed,  at  a  more  recent  date, 
that  advantage  might  be  taken  of  the  spinal  accessory  nerve  to 
obtain  a  more  accurate  classification  of  the  cranial  and  spinal 
nerve  roots.  In  some  parts  of  the  spinal  cord,  the  lateral 
portion  of  the  anterior  horn  is  distinctly  recognisable  as  a 
lateral  horn,  though,  in  the  cervical  and  lumbar  enlargements, 
this  blends  with  the  anterior  horn.  The  lateral  horn  is  also 
spoken  of  as  the  intermedio-lateral  tract  (Lockhart  Clarke),  or 
the  intermediate  process  (Gk)wers).  Its  significance  is  only 
ascertainable  on  examination  of  the  upper  part  of  the  spinal 
cord,  where  we  find  that  it  is  absorbed  by  the  spinal  accessory 
nerve.  The  anterior  motor,  lateral  motor,  and  posterior  sensory 
constitute,  therefore,  three  distinct  kinds  of  nerve  roots. 

Clarke's  column  (posterior  vesicular  column,  or  Stilling*s 
dorsal  nucleus)  is  not  continuous  throughout  the  cerebro-spinal 
axis,  but  is  so  well  marked  where  it  exists  as  to  demand  careful 
attention  from  anatomists  and  physiologists.  These  cells  are 
present  in  the  dorsal  and  upper  lumbar  regions,  and  are 
represented  also  in  part  of  the  sacral  region  of  the  cord ;  while 
Ross's  suggestion  is  pretty  generally  accepted  that  the  nucleus 
of  the  vagus  in  the  medulla  is  an  enlargement  of  the  upper  end 
of  the  same  column  of  Clarke.  It  is  probable  that  the  cells  of 
the  substantia  ferruginea  in  the  locus  ca^ruleus  belong  to  the 
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same  series.  This  intermittent  vesicular  column  has  been  de- 
scribed  as  the  ''  visceral "  column,  and  Dr  Gaskell  thinks  that  it 
gives  origin  to  efferent  visceral  nerves,  viz.,  anabolic  or  inhibitory 
nerves  to  the  splanchnic  glandular  system,  and  to  the  muscles 
of  the  viscera  and  of  the  vascular  system,  Gaskell  supposes 
that  the  solitary  cells  of  the  posterior  horn  also  give  rise  to 
efferent  nerves  for  viscera,  viz.,  katabolic  or  motor  nerves  to 
the  visceral  muscles  (1). 

Leaving  out  of  consideration  the  function  of  the  solitary  cells, 
Dr  HiU's  theory,  as  further  developed  by  Dr  Gaskell,  assumes 
that  four  great  classes  of  nerve  fibres  emerge  from  the  cerebro- 
spinal axis,  viz.,  anterior  (motor),  lateral  (motor),  visceral,  and 
posterior  (sensory).  Throughout  almost  the  whole  length  of 
the  spinal  cord  the  first  three  sets  pass  out  together  by  the 
anterior  roots,  while  the  sensory  element  alone  occupies  the 
posterior  gangliated  root.  In  the  cervical  region  of  the  cord, 
the  lateral  motor  fibres  separate  themselves  from  the  other 
constituents  of  the  anterior  roots,  and  constitute  a  lateral  root 
(spinal  accessory  nerve). 

In  extending  this  theory,  as  Dr  Hill  does  (2),  to  the  nerves 
arising  from  the  axis  higher  up,  we  have  two  guides  of  great 
value :  first,  the  line  of  exit  of  the  cranial  nerves ;  and  second, 
the  arrangement  of  the  nuclei  of  the  same  nerves.  A  mere 
glance  at  the  external  appearance  of  the  medulla  is  enough  to 
show  that  its  nerve  roots  are  arranged  in  two  longitudinal 
series.  One  set  of  roots  arises  between  the  olive  and  the 
pyramid,  marking  oflf  what  Flechsig  calls  the  lateral  area  of  the 
medulla  from  the  anterior  area.  These  are  the  rootlets  of  the 
hypoglossal,  and  their  line  of  origin  is  continued  brainwards  by 
the  sixth  nerve,  and  still  further  forwards  by  the  third  nerve. 
Investigation  by  means  of  sections  shows  that  the  nuclei  of  these 
different  nerves  are  in  the  same  (interrupted)  line.  So  far  as  its 
nucleus  is  concerned,  though  not  as  regards  its  mode  of  exit,  the 
fourth  nerve  also  belongs  to  this  group,  for  the  nucleus  is 
practically  continuous  with  the  posterior  end  of  the  third 
nucleus.  These  nerves  are  all,  speaking  generally,  motor  in 
function. 

The  other  set  of  issuing  cranial  nerves  are  placed  more 
laterally,  and  separate  the  posterior  from  the  lateral  area  of  the 
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medulla.  These  are,  in  order  from  behind  forwards,  the  spinal 
accessory,  vagus,  glossopharjmgeal,  facial,  and  trigeminus.  The 
spinal  portion  of  the  spinal  accessory  is  motor,  and  arises  from 
the  lateral  horn  of  the  cord.  The  glossopharyngeal  and  vagus, 
which  may  be  taken  together,  arise  from  nuclei  of  several  kinds. 
The  nucleus  ambiguus  is  generally  admitted  (though  Dr  Gowers 
rather  doubts  (3)  the  accuracy  of  this  view)  to  be  the  motor,  or  at 
least  one  motor  root  of  these  nerves.  This  nucleus  is  in  the 
same  line  with  the  facial  nucleus  higher  up,  and  with  the 
nucleus  of  the  motor  division  of  the  fifth  nerve  still  higher. 
We  find,  then,  on  the  one  hand,  the  twelfth,  sixth,  and  third 
nerves  arising  in  one  anterior  series  from  grey  matter  which 
represents  the  anterior  horn  of  the  spinal  cord,  displaced 
dorsally  when  the  medulla  opens  out  in  the  fourth  ventricle ; 
and,  on  the  other  hand,  the  motor  portion  of  the  tenth  and  ninth 
nerves,  the  entire  seventh,  and  the  motor  part  of  the  fifth, 
arising  in  one  lateral  series  from  grey  matter  representing 
apparently  the  lateral  horn  of  the  cord. 

For  the  purpose  of  this  essay,  it  is  not  necessary  to  go  further 
into  Dr  HilFs  theory  (as,  for  instance,  to  show  the  serial 
homology  of  the  sensory  or  of  the  visceral  roots),  because  my 
object  here  is  to  apply  clinical  and  certain  other  practical  tests, 
with  the  view  of  discovering  the  true  value  of  this  theory  in 
clinical  research.  It  will  be  sufficient,  then,  for  this  end,  to  deal 
only  with  the  anterior  motor  and  lateral  motor  series  of  roots, 
leaving  the  others  out  of  consideration  altogether. 

I  should  like  to  say  at  the  outset  that  Dr  HilFs  theory  strikes 
me  as  one  of  great  beauty,  and  (apart  from  that  portion  of  it 
which  deals  with  the  connections  of  the  visceral  column, — a 
portion  which  I  cannot  fully  accept)  of  great  scientific  worth. 
Indeed,  there  is  so  much  truth  in  it  that  unless  we  keep  steadily 
observing  as  well  as,  speculating,  very  slight  errors  in  it  may 
lead  us  far  astray.  Dr  Hill,  be  it  remarked,  frankly  declares 
that  "  few  of  the  cranial  nerves  are  what  might  be  termed '  pure ' 
nerves  "  (4).  Eecent  observations  furnish  much  room  for  doubting 
whether,  in  the  end,  we  shall  be  able  to  consider  any  cranial 
nerve  "  pure." 

I  shall  now  bring  together  facts  which  show  that  even  those 
cranial  nerves  which,  on  a  first  examination,  appear  to  consist 
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of  fibres  belonging  wholly  to  one  of  Hiirs  four  sets  of  root-fibres, 
contain,  as  a  matter  of  fact,  fibres  belonging  to  one,  or  even  more, 
of  the  remaining  sets. 

The  facial  nerve  and  its  nucleus  belong  properly  to  the  lateral 
series  of  cranial  nerves  and  nuclei ;  yet  there  can  be  little  doubt 
that  this  nerve  contains  fibres  from  cells  in  the  anterior  series  of 
nuclei,  and  in  particular  the  nucleus  of  the  third  and  the  nucleus 
of  the  twelfth  nerve. 


1.  Facts  in  favour  of  the  vieio  t/iat  somefih^es  issuing  from  the 
third  ntidetis  are  present  in  tlie  trunk  of  the  facial  nerve. 

(1)  The  escape  of  the  upper  part  of  the  face  in  ordinary 
hemiplegia,  while  the  lower  part  is  affected,  though  all  parts 
alike  are  supplied  by  the  facial  nerve,  suggests  that  the  upper 
facial  muscles  are  innervated  in  a  different  manner  from  the 
lower.  Still,  this  argument  is  of  little  value  by  itself,  because  it 
is  as  easy  to  suppose  that  the  upper  part  of  the  face  is  more 
completely  represented  in  both  sides  of  the  brain  than  is  the 
lower  part. 

(2)  When  a  person  looks  upwards,  and  especially  if  he  does 
so  suddenly  and  strongly  (third  nerve),  he  is  very  likely  to  raise 
his  brows  also  by  contraction  of  the  frontalis  muscles  (seventh 
nerve).  This  suggests  a  close  connection  between  the  origins  of 
the  third  and  seventh  nerves.  Here  again,  however,  the 
connection  in  question  may  be,  not  between  the  nuclei,  but  in 
the  cortex ;  and  on  the  whole,  perhaps,  the  latter  view  is  the 
more  likely. 

(3)  The  probable  connection  between  the  third  and  seventh 
nuclei  is  shown  in  a  much  more  forcible  manner  by  the  intimate 
relation  between  the  upward  rotators  of  the  eyeball  (supplied  by 
third  nerve)  and  the  orbicularis  palpebrarum  (supplied  by  seventh 
nerve).  When  a  person  looking  straight  forwards  lets  his  eyes 
close  very  gradually,  the  last  thing  he  sees  (and  this  is  indistinct, 
because  the  image  falls  on  a  peripheral  part  of  the  retina)  is  the 
lower  part  of  the  visual  field.  When  the  eyelids  are  gently 
closed,  the  eyeballs  assume  the  position  of  rest,  which  is 
probably  nearly  the  same  as  the  forward  gaze.  If  the  person's 
upper  eyelid  be  secured  by  the  observer,  so  that  the  eye  cannot 
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be  closed,  and  the  person  under  observation  be  then  told  to  shut 
his  eye,  the  eyeball  will  rotate  upwards.  If  he  fixes  his  gaze  on 
some  object  right  ahead  of  him,  the  eyeball  will  not  rotate 
upwards  so  readily;  but  if  he  be  urged  to  endeavour  more 
strongly  to  close  the  eye  which  is  being  held  open,  the  ball  will 
rotate  strongly  upwards. 

This  phenomenon  is  well  seen  in  any  case  of  Bell's  paralysis, 
but  must  not  be  regarded  as  a  paralytic  symptom.  It  is  simply 
the  result  of  a  strong  eflfort  on  the  part  of  the  patient  to  shut 
his  eye  when  he  is  told.  In  facial  palsy  of  the  peripheral  type, 
an  ordinary  effort  is  insufficient  to  close  the  eye,  and  the  patient 
accordingly  tries  hard  to  do  as  he  is  told ;  this  it  is  that  causes 
the  upward  rotation. 

(4)  Mendel  communicated  to  the  Medical  Society  of  Berlin, 
on  the  9th  Nov.  1887,  the  results  of  three  experiments  he  had 
made,  after  Gudden's  method,  on  a  rabbit  and  two  guine^-piga 
The  operation  was  performed  on  each  animal  when  it  was  a  week 
old.  The  upper  and  lower  eyelids,  and  the  orbicularis  palpe- 
brarum and  frontalis  muscles  were  extirpated.  (In  the  rabbit 
this  can  be  done  without  injury  to  muscular  fibres  of  the 
levator  palpebrse,  which  sends  only  a  tendinous  expansion  into 
the  upper  lid.)  The  rabbit  died  of  an  epidemic  disease  when 
five  and  a  half  months  old,  and  the  guinea-pigs  were  killed  when 
ten  months  old.  The  facial  nucleus  was  absolutely  alike  on  the 
two  sides,  and  quite  normal.  The  facial  trunk  was  slightly 
thinner  on  the  side  of  operation  than  on  the  other  side.  Marked 
changes  were  discovered  in  the  oculomotor  nucleus  of  the  side 
operated  on,  the  ganglion-cells  being  greatly  reduced  in 
number  (5). 

The  significance  of  these  results  is  great  and  obvious. 
Extirpation  of  a  muscle  supplied  by  the  seventh  nerve  was 
followed  by  some  wasting  of  this  nerve.  But  the  seventh 
nucleus  was  normal,  whereas  part  of  the  third  nucleus  was 
wasted.  Therefore  the  seventh  nerve  must  get  some  of  ita 
fibres  from  the  third  nucleus. 

Mendel  suggested  that  the  path  of  connection  between  the 
third  nucleus  and  seventh  nerve  is  the  posterior  longitudinal 
bundle.  As  we  know  that  this  bundle  does  connect  the  sixth 
nucleus  with  the  contralateral  third  nucleus,  for  purposes  of 
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conjugate  lateral  movements  of  the  eyeballs,  Mendel's  theory 
is  very  likely  to  be  correct 

This  investigator  could  only  find  one  published  case  in 
support  of  the  view  that  the  same  arrangement  might  obtain  in 
man  which  he  had  found  to  exist  in  other  animals.  This  single 
case  had  been  published  in  January  1887.  It  was  one  of 
ophthalmoplegia  externa,  with  diminished  faradic  excitability 
o{  the  muscles  supplied  by  the  upper  part  of  the  facial  nerve. 
There  was,  however,  no  post-mortem. 

In  the  course  of  the  discussion  which  followed  Mendel's 
paper,  Uhthoff  recalled  several  cases  of  ophthalmoplegia  externa 
which  appeared  to  support  Mendel's  hypothesis. 

(5)  Tooth  and  W.  A.  Turner  (6),  who  first,  I  believe,  brought 
Mendel's  experiments  into  prominence  in  this  coimtry,  deduced 
similar  inferences  from  microscopic  investigation  of  a  case  of 
bulbar  paralysis.  The  ascending  limb  of  the  seventh  nerve, 
which  is  supposed  to  include  all  the  fibres  from  the  nucleus 
proper,  was  deeply  degenerated,  whereas  the  issuing  root,  though 
unduly  small,  contained  many  normal  fibres.  These  fibres, 
therefore,  must  have  come  from  some  other  source  than  the 
seventh  nucleus.  They  probably  travelled  from  the  third 
nucleus,  which  was  healthy,  by  way  of  the  posterior  longi- 
tudinal bundle,  to  join  the  seventh  nerve  and  be  distributed 
to  the  unaffected  muscles  of  the  face,  viz.,  the  frontalis, 
corrugator  supercilii,  and  orbicularis  palpebrarum  (oculo-facial 
group). 

(6)  On  the  1st  April  1893  a  leading  article  in  the  Lancet 
proceeded  thus: — "If  a  case  of  total  ophthalmoplegia  were 
observed  in  which  the  frontalis  and  orbicularis  palpebrarum 
were  affected,  whilst  the  lower  facial  muscles  escaped,  the 
clinical  evidence  for  the  hypothesis  would  be  fairly  complete." 
''For  the  firm  establishment  of  [this  theory],  there  seems  now 
only  to  be  Jiecessary  a  case  of  the  cnicial  character  already 
alluded  to." 

A  week  later,  Dr  Fred.  J.  Smith  wrote  (7)  saying  that  he  had 
met  with  a  case  of  the  kind,  and  had  just  transferred  it  to 
Dr  Hughlings  Jackson. 

In  July  1893  Dr  Hughlings  Jackson  published  a  paper  on 
*'Two  cases  of  Ophthalmoplegia  externa  with   paresis  of  the 
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orbiculariB  palpebrarum  (illustration  of  Mendel's  hypothesis)." 
The  second  case  was  that  sent  by  Dr  Smith,  and  a  third  case 
was  referred  to  at  the  close  of  the  paper.  Dr  Jackson,  there- 
fore, was  able  to  produce  clinical  evidence,  as  Tooth  and  Turner 
had  already  produced  anatomical  evidence,  in  support  of  the 
hypothesis  which  Mendel  had  advanced  on  experimental 
grounds  only. 

The  conclusion  seems  unavoidable,  that  some  fibres  of  the 
seventh  nerve  are  derived  from  the  third  nucleus. 


2.  Facts  in  fav&iir  of  the  view  that  some  fibres  issuing  from  the 
t%velfth  nuclevs  are  present  in  the  trunk  of  the  facial  nerve, 

(1)  When  a  person  causes  the  transverse  muscular  fibres  of 
his  tongue  to  contract,  he  cannot  prevent  the  orbicularis  oris 
contra-cting  simultaneously.  This  suggests  that  a  very  intimate 
relationship  exists  between  the  nucleus  of  the  hypoglossal 
(supplying  the  tongue)  and  that  of  the  seventh  nerve  (supplying 
the  orbicularis). 

(2)  The  manner  in  which  the  muscles  are  affected  in  bulbar 
paralysis  points  strongly  in  the  same  direction.  Next  to  the 
tongue,  the  lips  usually  suffer  most.  Yet  the  remaining  muscles 
of  the  face,  supplied  as  they  are  by  the  same  nerve  as  the  lip- 
muscle,  are  quite  unaffected,  or  but  slightly  involved.  Indeed, 
the  zygomatici,  immediate  neighbours  of  the  orbicularis,  are  so 
well  preserved  in  comparison  with  the  latter,  as  to  cause,  by 
their  unopposed  contraction,  an  alteration  in  the  appearance  of 
the  face.  These  facts  suggest  that  those  fibres  of  the  facial 
nei've  which  supply  the  orbicularis  oris  arise  in  or  near  the 
hypoglossal  nucleus,  and  certainly  in  much  closer  connection 
with  this  than  with  the  proper  nucleus  of  the  facial  nerve. 

3.  Although  the  arguments  given  under  headings  1  and  2  are 
very  strong,  and  indeed  practically  conclusive, — so  far,  at  least, 
as  1  is  concerned, — it  is  obvious  that  the  one  thing  that  is 
necessary  to  clench  the  argument  is  evidence  that  a  lesion  con- 
fined to  the  facial  nucleus  does  not  necessarily  cause  paralysis  of 
the  oculo-facial  group  of  muscles  or  of  the  orbicularis  oris. 
Evidence  of  this  kind  is  not  altogether  awanting. 
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(1)  Gowera  mentions  (9)  a  case  of  facial  palsy  from  nuclear 
inflammation  (part  of  polio-myelitis),  in  which  the  orbicularis 
oris  escaped  entirely,  though  the  rest  of  the  face  was  absolutely 
paralysed 

(2)  A  patient  of  mine,  whose  case  may  yet  be  published  in 
detail,  suffers  from  paralysis  of  the  conjugate  movement  of  the 
eyeballs  to  one  side.  The  lesion  is  probably  situated  in  one 
sixth  nucleus,  around  which,  of  course,  the  seventh  nerve  winds 
immediately  after  leaving  its  own  nucleus.  This  patient's  face 
appears  to  be  slightly  weak  on  one  side,  and,  so  far  as  can  be 
made  out  on  careful  examination,  the  difference  between  the 
two  sides  is  confined  to  the  middle  group  of  muscles  (supplied 
from  the  seventh  nucleus  proper) ;  whilst  the  oculo-facial  group 
(supplied  probably  from  the  third  nucleus)  and  the  orbicularis 
oris  (supplied  probably  from  the  twelfth  nucleus)  have  escaped, 

I  admit  that  this  case  is  of  small  worth  in  the  present  argu- 
ment, except  in  the  way  of  corroboration ;  but  viewed  in  this 
light,  it  seems  to  possess  a  certain  value. 

Thus,  with  regard  to  palsies  of  the  facial  nerve,  it  may  be 
remarked  that  Bell's  paralysis,  in  which  the  facial  trunk  is 
involved  distally  to  the  point  where  the  various  component 
parts  are  united  into  one,  implies  paralysis  of  all  the  three  sets 
of  facial  muscles.  Disease  of  the  third  nucleus  involves  the 
upper  facial  (oculo-facial)  group,  and  disease  of  the  twelfth 
nucleus  involves  the  lower  facial  (ori-facial)  muscle ;  whilst  dis- 
ease confined  to  the  seventh  nucleus  involves  only  the  mid-facial 
group. 

Two  instances,  then,  have  been  adduced,  in  which  nuclei 
belonging  to  the  anterior  cranial  group  (third  and  twelfth)  send 
out  fibres  by  a  nerve-root  (seventh)  which  belongs  to  the  lateral 
group.  This  is  the  converse  of  what  obtains  in  the  spinal  cord, 
where  (except  in  the  cervical  region)  fibres  from  the  cells  of  the 
lateral  horn  issue  along  with  those  from  the  anterior  horn 
proper  by  roots  belonging  to  the  anterior  series. 

Summary. 

Even  those  cranial  nerves  which,  under  Dr  Hill's  scheme  of  a 
four-root  grouping,   the   neurologist  might  with   the  greatest 
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confidence  expect  to  find  issuing  from  the  cerebro-spinal  axis  in 
a  state  of  purity  (t.6.,  composed  of  elements  derived  from  one  only 
of  the  four  roots),  are  discovered,  on  more  careful  investigation, 
to  contain  a  considerable  admixture  of  foreign  elements.  We 
must  therefore  keep  in  view  the  possibility  that  careful  clinical 
observation  and  pathological  anatomy  will  ultimately  show  that 
not  one  of  the  cranial  nerves  can  be  considered  unmixed  in  its 
composition. 

I  shall  conclude  by  mentioning  Professor  Sherrington's 
obser\^ation  that  all  macroscopic  nerve-trunks,  including  all 
that  have  hitherto  been  supposed  to  be  purely  motor,  such  as 
the  hypoglossal  and  phrenic,  contain  sensory  nerve-fibres  (10). 
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ON  THE  OPTIC  NEEVE  AS  PART  OF  THE  CENTRAL 
NERVOUS  SYSTEM.  By  T.  K.  Mon»o,  M.A,  M.D., 
F.F.P.S.G.,  AssistaTit  Physwiccii  to  the  Royal  Infii'mary,  and 
Patlvologist  to  tlu  Victor  ice  Infirmaty  of  Glusyoiv, 

It  has  loug  been  universally  acknowledged  that  the  olfactory 
and  optic  nerves  (the  first  and  second  pairs  of  Willis  and 
Soemmerring)  possess  a  value  and  significance  which  are  entirely 
different  from  those  of  the  remaining  seven  pairs  of  Willis  or 
ten  pairs  of  Soemmerring.  The  recognition  of  this  fact  is  due 
in  large  measure  to  embryology,  but  morphology  has,  in  recent 
years,  been  called  upon  to  corroborate  the  teaching  of  develop- 
ment. 

The  same  question  has  long  presented  itself  to  physicians  and 
pathologists,  who  often  meet  with  chronic  disease  of  the  spinal 
cord  and  of  the  optic  B^erves  associated  in  one  patient.  This  is 
a  familiar  occurrence ;  but  less  conmion,  though  still  more  re- 
markable, is  the  simultaneous  occurrence  of  separate  and  distinct 
foci  of  more  or  less  acute  inflammation  in  the  optic  nerves  and  in 
one  or  several  portions  of  the  spinal  cord.  I  have  been  able  to 
collect  published  records  of  twelve  cases  of  this  kind.  Ophthal- 
mologists, in  discussing  such  facts,  draw  attention  to  the  circum- 
stance that  the  optic  nerve  is  different  from  other  nerves,  and 
is  in  some  ways  rather  to  be  regarded  as  part  of  the  central 
nervous  system. 

It  is  the  purpose,  then,  of  this  paper  to  suggest  that  the 
optic  nerves  and  tracts  ought  to  be  frankly  recognised  as  being 
as  much  a  part  of  the  central  system  as,  for  instance,  the 
cerebellum  or  pineal  gland ;  and  further,  to  show  that  there  is 
one  portion  of  the  central  system,  viz.,  the  posterior  colimins  of 
the  cord,  to  which,  in  particular,  the  optic  nerves  or  tracts 
present  a  very  close  degree  of  similarity. 

(1)  The  posterior  coliunns  remain  throut^hout  life,  almost  in 
their  entirety,  an  integral  part  of  the  spinal  cord.     The}'  are 
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originally  formed  by  the  growth  of  nerve-fibres  into  the  cord 
from  the  ganglia  of  the  posterior  roots,  and  these  fibres  are 
developed  as  processes  of  the  cells  of  these  ganglia.  The  ganglia 
are  formed  originally  from  the  same  epiblastic  cells  as  the  cord 
itself,  through  portions  of  the  thickened  epiblast  being  caught 
by  the  walls  of  the  medullary  groove,  as  thes»*  clost*  to  form  the 
central  canal  of  the  cord 

The  retinae  and  optic  nerves  originate  from  tlie  piiuiaiy  optic 
vesicles,  which  are  diverticula  of  the  forebrain,  and  tlie  Hbres  of 
the  optic  nerves  and  tracts  grow  inwards  from  the  cells  of  the 
retinae  towards  the  cerebrum/ 

Again,  both  optic  nerves  and  posterior  columns  consist  of 
fibres  which  follow  the  rule  (to  which  peripheral  afferent  nerves 
are  the  only  exception)  that  they  grow  out  of  cells  in  the 
direction  in  which  they  are  destined  to  convey  impulses. 

(2)  When  the  optic  tract  is  cut  across,  its  two  ends  will  never 
unite  agaio.  Tliis  is  a  character  belonging  to  all  central  nerve- 
tracts,  and  is  a  contrast  to  what  obtains  in  the  case  of  peripheral 
nerves.* 

Further,  the  optic  tract  i*esembles  in  its  structure  the  white 
matter  of  the  brain,  being  very  soft,  and  not  divided  up  into 
bundles  by  connective  tissue,  whilst  its  fibres  are  not  provided 
with  membranous  sheaths.^  (This  description,  however,  is  not 
applicable  to  the  chiasm  and  optic  nerves.) 

(3)  The  optic  nerves  and  posterior  columns  are  both  afferent 
in  function.  They  convey  impressions,  the  former  from  the 
eyes  and  the  latter  from  the  muscles;  and  these  two  are  at 
least  as  important  as  any  other  of  the  various  kinds  of  afferent 
impressions  (from  skin,  semicircular  canals,  &c.)  which  are  co- 
ordinated by  the  cerebellum  and  transmitted  to  those  motor 
centres  in  the  brain  which,  by  their  activity,  keep  the  body  in 
a  position  of  equilibrium.  The  two  sets  of  fibres,  therefore — 
optic  tracts  and  posterior  columns — are  closely  allied  in  function. 

(4)  Both  frequently  suffer  from  disease.  Either  may  suffer 
by  itself,  and  disease  of  one  may  ultimately  become  complicated 

^  Ob«rsteiner,    The  AnaUtmy  of  the  Central  Xervoui  OrganM^  translated  by 
Hill,  1890,  p.  279  ;  also  note  by  HOI,  p.  188. 
-  Obersteiner,  op,  eit ,  p.  279. 
•'  S«v  Quain'a  .•/7^r^»my,  lOtb  vi\,.  1893.  vol.  iii.  parti,  p.  118. 
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by  disease  of  the  other.  Such  disease  frequently  takes  the  form 
of  a  chronic  degeneration  of  the  nervous  elements  associated 
with  secondary  overgrowth  of  the  interstitial  elements. 

In  the  one  case,  the  lesion  involves  the  layer  of  nerve-cells 
and  the  layer  of  nerve-fibres  in  the  retina,  together  with  the 
optic  nerve  and  tract  as  far  back  as  its  termination  in  the 
pulvinar  of  the  thalamus,  the  lateral  geniculate  body  and  the 
anterior  corpus  quadrigeminum. 

In  the  other,  the  posterior  spinal  nerve-roots,  from  their 
nutritive  cells  in  the  posterior  root-ganglia  to  their  endings 
in  the  nucleus  gracilis  and  the  nucleus  cuueatus,  undergo  de- 
generation. 

Such  degeneration  of  nerve-fibres  must  be  regarded  as  due  to 
changes  in  their  nutritive  cells,  these  changes  being  at  first 
nutritional,  but  ultimately,  no  doubt,  in  many  cases,  structural. 
The  fibres  tend  to  degenerate  in  their  whole  length,  for  they 
probably  end,  for  the  most  part,  in  the  nuclei  mentioned,  by 
dividing  and  subdividing  to  take  part  in  the  formation  of  the 
delicate  arborisations  which  surround  the  cells  of  these  grey 
masses,  but  without  ever  becoming  actually  continuous  with 
the  cell  processes. 

(Virchow,  in  1856,  first  showed  that  only  the  two  inner  layers 
of  the  retina  undergo  degeneration  in  primary  optic  atrophy.^) 

(5)  The  special  liability  of  the  male  sex  to  sufifer,  and  the  age 
at  which  they  chiefly  occur,  are  characteristics  presented  in 
common  by  primary  optic  atrophy  and  posterior  sclerosis. 

(6)  Moreover,  when  the  function  of  the  one  set  of  fibres  is 
impaired  by  disease,  its  place  is  readily  filled  by  the  other  set. 
A  blind  person,  Uke  a  healthy  person  in  the  dark,  maintains  his 
equilibrium  by  means  of  his  muscular  sense ;  so  that  an  ataxic 
person  requires  his  eyesight  if  he  is  to  walk  with  any  freedom. 
I  have  seen  a  patient  who  had  suflfered  from  tabes  for  fourteen 

m 

years,  and  was  quite  imable  to  stand  with  feet  together  and  eyes 
shut.  Yet,  when  one  eye  was  covered,  he  did  not  even  require 
to  look  with  the  other  at  his  feet  or  at  the  floor,  but  could 
promptly  move  it  in  any  direction  indicated  without  the  least 
unsteadiness  resulting — so  perfectly  did  the  healthy  activity  of 
one  eye  compensate  for  the  abrc^ted  function  of  the  posterior 

'  Sec  Gowers,  Med,  OphUialinoscopy^  Uixi  ed..  1890,  p.  118. 
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columns.  On  the  other  hand,  I  have  repeatedly  been  consulted 
by  a  patient  who  has  suffered  from  tabes  for  years.  He  is  blind 
from  optic  atrophy,  yet  has  no  trouble  about  his  equilibrium. 
It  was,  I  believe,  Benedikt  who  first  pointed  out  the  remarkable 
fact  that  in  cases  where  optic  atrophy  and  posterior  sclerosis  are 
associated  in  one  individual,  the  severity  of  the  one  lesion,  as 
manifested  by  symptoms,  is  often  inversely  proportional  to  that 
of  the  other. 

The  facts,  then,  when  all  put  together,  seem  clearly  to 
demonstrate  the  truth  of  tliese  two  propositions:  firstly,  that 
the  optic  nerves  and  tracts  are  truly  a  part  of  the  central 
nervous  system ;  and  secondly,  that  there  is  a  particularly  close 
resemblance  between  the  optic  nerves  and  the  posterior  columns 
of  the  cord.  If  we  look  upon  the  optic  nerves  in  this  light,  it 
becomes  less  difficult  to  understand  the  simultaneous  occurrence 
of  independent  lesions,  acute  or  chronic,  in  the  two  structures, 
for  similarity  in  structure  and  function  confers  upon  tissues  a 
common  susceptibility  to  morbid  processes. 


THE  ORIGIN  AND  INTRA-CRANIAL  COURSE  OF  THE 
OPHTHALMIC  ARTERY,  AND  THE  RELATIONSHIP 
THEY  BEAR  TO  THE  OPTIC  NERVE.  By  Edward 
Fawcbtt,  M.B.  Edin.,  Professor  of  Anatomy^  Univ^sity 
College,  Bristol. 

Although  this  arteiy,  when  compared  with  its  parent,  is 
insignificant  in  size — so  much  so,  as  almost  to  escape  notice  in 
the  cranial  cavity — ^it  has  nevertheless  a  course  which  is  as 
characteristic  in  its  appearance,  as  it  is  remarkable  for  the 
constancy  with  which  it  exhibits  that  characteristic  appearance. 

Origin. — ^As  it  is  a  small  artery,  its  mode  of  origin  needs  to  be 
considered  with  minuteness.  In  all  cases  with  which  I  am 
fanuliar,  the  artery  arises  from  the  top  of  the  internal  carotid 
artery^  that  is,  from  the  middle  of  the  upper  aspect, — from  that 
part  known  as  the  4th  bend. 

It  IB  thus  a  median  artery  in  so  far  as  its  origin  with 
reference  to  the  dorsal  or  upper  aspect  of  the  internal  carotid 
is  concerned,  but  the  site  of  origin  varies  a  little  in  different 
subjects  in  the  antero-posterior  direction,  it  sometimes  being 
nearer,  sometimes  further  away  from  the  optic  foramen,  through 
which  it  is  destined  to  pass. 

This  slight  variability  has  an  important  bearing  on  the 
relationship  which  the  artery  bears  to  the  optic  nerve. 

Course, — ^Having  arisen  from  the  internal  carotid  in  the  way 
above  mentioned,  the  ophthalmic  artery  always  passes /ortrareb 
for  a  short  distance — on  an  average  1  to  2  mm. ;  then  it  suddenly 
bends  outwards;  after  which,  proceeding  more  gradually  out- 
'wards,  it  enters  the  optic  foramen. 

Selationshy^  with  the  Optic  Nerve. — ^This  is  dependent  to  a 
considerable  extent  on  the  length  of  the  interval  between  the 
point  of  origin  of  the  artery  and  the  margin  of  the  optic 
foramen.  In  most  cases  the  origin  is  so  situated  as  to  lie  below 
the  middle  of  the  longitudinal  axis  of  the  optic  nerve,  and  as 
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that  nerve  passes  obliquely  backwards  and  inwards  towards  the 
chiasma,  the  artery,  which  passes  straight  forwards  at  first, 
comes  to  lie  below  the  inner  half  of  it,  and,  in  many  cases, 
where  the  straightforward  course  of  the  artery  is  somewhat 
prolonged,  it  actually  appears  on  the  im/ner  side  of  the  nerve, 
after  which  it  gradually  passes  away  to  the  outer  side,  so  that 
it  comes  to  lie  below  the  outer  half  of  the  nerve  at  its  entrance 
to  he  optic  foramen. 

If  this  be  the  normal  relationship  between  the  two  structures, 
it  is  obvious  that  backward  removal  of  the  site  of  origin  of  the 
artery  will  alter  the  relationship  of  the  origin  and  course  of  the 
artery  to  the  optic  nerve;  in  fact,  the  artery  will  be  placed  a 
little  to  the  outer  side  of  the  median  axis  of  the  nerve,  and  will 
not  reach  so  far  under  the  inner  half  of  it  as  to  be  visible  on  its 
inner  side,  and  will  conse^^^C^Q^^  the  outer  side  the 

sooner.  /K^^^""^^"*'^"^         V^\ 

Then,  again,  if  the^(J^in  be  placedr^naarer  Ybe  optic  foramen 

than  usual,  the  artem  pr||rida(l^^  pras  stMghtforward  for  the 
usual  distance,  will  V^ch^ne  inner  sida  of/the  nerve,  and  be 
there  visible ;  its  appo^nce  oir^ffie^t^^^de  being  correspond- 
ingly delayed.  ^^^JJB^---^ 

There  has  been  considerable  diversity  of  description  of  the 
relationship  between  artery  and  nerve,  though,  with  the  appear- 
ance of  later  editions  of  the  standard  text-books, — ^which  pass 
over  the  question  by  stating  that  the  artery  arises  below  the 
nerve,  and  by  the  smaller  works  adopting  the  descriptions  of 
the  larger, — ^more  unanimity  prevails ;  but  none  of  them  alludee 
to  the  intra-cranial  course  of  the  artery  in  detail,  which,  from 
its  constancy  in  character,  seems  to  me  to  deserve  more  attention 
than  has  been  given  it. 

At  first  I  was  inclined  to  think  that  the  inward  bend  of  the 
ophthalmic  artery  might  be  due  to  the  pressure  of  the  optic 
nerve  on  it  when  it  was  being  filled  with  injection  mass ;  but 
many  subsequent  examinations  in  the  post-mortem  room  have 
dispelled  that  idea.  Then  it  occurred  to  me  that  the  optic 
nerve  might  have  got  dragged  backwards,  when  the  brain  was 
lifted  up  preparatory  to  its  removal  from  the  skull,  and  that 
this  dragging  backwards  might  make  the  course  of  the  optic 
nerve  appear  to  be  more  directly  a  backward  one  than  it  is ;  in 
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fact,  I  thought  that  the  inward  course  of  the  ophthalmic  artery 
might  be  artificial,  not  natural ;  apparent,  not  real  For  three 
leasons  that  idea  was  untenable.  First,  because  when  the  brain 
was  removed  in  sections,  by  dividing  it  transversely  between 
the  Sylvian  fissures  and  turning  forward  the  anterior  part,  the 
same  relationship  was  maintained.  Second,  the  internal  carotid 
artery,  at  the  point  where  it  gives  off  the  ophthalmic,  is  so  firmly 
blended  with  the  fibrous  sheath  of  the  optic  nerve,  that  move- 
ment of  the  one  cannot  take  place  without  movement  of  the 
other :  they  move  together. 

As  a  matter  of  fact,  the  idea  that  the  optic  chiasma  lay  in 
a  transverse  groove  on  the  body  of  the  sphenoid,  anterior  to  the 
olivary  eminence,  was  so  firmly  rooted  in  my  mind  by  ortho- 
doxy, in  spite  of  experience  to  the  contrary,  that  I  hesitated  to 
advance  the  contrary  as  a  third  reason  for  the  untenabiKty  of 
my  theory  that  the  optic  nerve  must  have  been  disturbed  in 
some  way. 

Any  doubts,  however,  that  I  had  da  to  the  accuracy  of  the 
generally  accepted  position  of  the  optic  chiasma  and  the  optic 
nerve  were  dispeUed  by  some  remarks  made  by  Mr  T.  W.  P. 
Lawrence  in  the  Proceedings  of  Anatomical  Society  (May  1894), 
for  he  here  remarks  that  ''  in  some  recently  observed  specimens 
the  commonly  accepted  position  of  the  commissure  upon  the 
optic  groove  was  departed  from ;  and  although  the  number  of 
cases  examined  was  too  small  to  justify  the  statement  that  the 
commissure  never  lies  upon  the  optic  groove,  he  believed  that 
such  wUl  be  found  to  be  the  case.''  That  opinion  I  am  glad  to 
confirm,  thou^  my  own  observations  extend  back  to  the  year 

1891. 

It  is  obvious  that  the  dispulsion  of  this  idea  as  to  the 
necessarily  nearly  transverse  direction  of  the  optic  chiasma 
has  a  most  important  bearing  on  the  relationship  between  the 
ophthalmic  artery  and  the  optic  nerve ;  for  if  that  nerve  were 
almost  transverse,  as  it  would  of  necessity  be  were  the  chiasma 
actually  placed  in  the  groove,  it  would  have  been  practically 
impossible  for  the  ophthalmic  artery  to  reach  the  inner  side  of 
the  optic  nerve  in  its  course  forwards  to  the  optic  foramen. 

This  false  general  impression  just  alluded  to  seems  to  me  to 
be  the  key  to  the  whole  position,  and  seems  to  explain  the 
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inaccuracy  of  the  older  works  on  Anatomy  which — Oray^  for 
example,  12th  edition,  ps^e  518 — state  that  'Hhe  ophthalmic 
artery  arises  from  the  internal  carotid  just  as  that  vessel  is 

emerging  from  the  cavernous  sinus and  enters  the  orbit 

through  the  optic  foramen  below,  and  to  the  outer  side  of  the 
optic  nerve ; "  and  in  the  accompanying  figure  (fig.  338),  in  the 
work  above  mentioned,  the  optic  chiasma  is  represented  as  lying 
in  the  optic  groove,  and  the  ophthalmic  artery  is  visible  in  its 
whole  course  on  the  outer  side  of  the  nerve ;  and  what  is  more,  it 
proceeds  straight  outwards  from  its  origin  to  the  optic  foramen, 
a  condition  I  have  never  observed.  In  the  Jofwrwd  of  Aruxtomy 
and  Physiology  for  1893,  pages  280-1,  Dr  James  Musgrove 
describes  an  ophthalmic  artery  which  arose  from  the  middle 
meningeal,  and  which,  having  reached  the  optic  nerve  after 
having  entered  the  orbit  through  the  sphenoidal  fissure,  gave 
backwards  a  fibrous  cord  which  ended  at  the  internal  carotid 
artery. 

Commenting  on  this  fibrous  cord,  at  the  end  of  his  com- 
munication, Dr  Musgrove  says  "  that  the  fibrous  cord,  which  no 
doubt  represents  the  original  ophthalmic  artery,  was  found  on 
both  sides  at  the  inner — (the  italics  are  mine) — part  of  the  optic 
foramen,  as  though  the  artery  had  passed  to  the  orbit  at  the 
inner  instead  of  the  outer  side  of  the  optic  nerve." 

This  commentary  I  regard  as  extremely  valuable,  because  it 
bears  out  my  statements  unconsciously,  and  at  the  same  time 
demonstrates  how  far  actual  observation  may  be  overruled  by 
well-cherished  ideas,  as  it  was  in  my  own  case. 


THE  EETINACULA  OF  WEITBRECHT.  WHAT  IS 
THEIR  FUNCTION?  By  Edward  Fawcett,  M.B. 
Edin.,  Professor  of  Awdomy^  University  College,  Bristol. 

It  is  well  known  that  when  the  capsule  of  the  hip- joint  is  laid 
open  from  the  front,  it  appears  to  be  reflected  from  its  femoral 
attachment  along  certain  lines  to  the  margin  of  the^articular 
surface  of  the  head  of  that  bone.  It  may  not  be  so  well 
known  that  these  bands  are  called  the  Retinacula  of  Weitbrecht. 
The  historical  interest  in  these  bands  was  suggested  to  me  by 
the  addition  of  Weitbrecht's  name  as  made  in  Macalister's  "  Teoct- 
Ixfok  of  Human  Anatomy,^  which  states  (p.  179)  that  "  from  the 
femoral  attachment  of  the  capsule,  strong  flat  reflected  bands 
pass  towards  the  margin  of  the  head  of  the  bone  lying  on  the 
neck :  one  strong  band  passes  inwards  and  backwards  from  the 
taberculum  colli  superius,  a  second  from  the  tuberculum  colli 
inferius,  and  a  third  from  the  vicinity  of  the  lesser  trochanter. 
These  are  called  the  retinacula  of  Weitbrecht,  In  Cunningham's 
**  Manual  of  Anatomy,''  1893,  p.  262,  they  are  alluded  to  in  a 
footnote  as  the  cervical  ligaments  of  Stanley. 

They  first  received  attention  at  the  hands  of  Jos.  Weitbrecht, 
who  describes  them  in  his  work  on  Syndesmologie. 

In  the  adult  these  retinacula  may  be  said  to  be  normally 
three  in  number,  and  may  be  termed,  from  their  relative 
positions,  upper,  middle,  and  lower. 

The  upper  band  passes  from  the  tuberculum  colli  superius 
along  the  upper  and  anterior  margin  of  the  neck  of  the  femur 
as  far  as  the  articular  cartilage,  but  before  reaching  that  cartilage 
it  becomes  firmly  blended  with  the  neck  of  the  femur,  causing, 
in  the  majority  of  cases,  a  rough  tubercle,  or  it  may  be  a  ridge, 
which  extends  downwards  parallel  with  the  anterior  inter- 
trochanteric line,  and  lying  almost  midway  between  it  and  the 
articular  margin  of  the  head. 

The  middle  band  passes  from  the  tuberculum  colli  inferius  to 
the  head  of  the  femur,  practically  parallel  with  the  last. 
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The  lower  band,  arising  from  the  neck  just  above  the  small 
trochanter,  is  continued  along  the  lower  border  of  the  neck  of 
the  femur  to  the  margin  of  the  head. 

The  middle  and  lower  bands  are  generally  indissolubly 
blended  with  the  periosteum  of  the  neck  of  the  femur. 

The  upper  band  may  be  free  as  far  as  the  tubercle  or  ridge  on 
the  neck  above  alluded  to. 

Function. — So  far  as  I  know,  they  are  generally  regarded  as 
splints  in  some  cases  of  intra-capsular  fracture  of  the  neck  of 
the  femur. 

In  the  footnote  before  alluded  to  in  Cunningham's  Manual 
of  ATiaiomy^  we  find  that  **in  intra-capsular  fracture  of  the 
neck  of  the  femur  they  may  escape  rupture,  and  they  then  form 
a  sort  of  natural  splint  which  retains  the  fragments  in  apposition. 
Hence  examinations  of  this  class  of  fracture  must  be  gently 
conducted,  lest  by  rupturing  this  ligamentous  connection  the 
fragments  be  permanently  displaced." 

This  statement  may  be  taken  as  the  sum  of  the  averages  of 
statements  made  by  the  various  works  on  Surgery. 

It  is  indeed  fortunate  that  nature  has  provided  us  with  a 
means  of  bringing  about  a  good  result  in  some  cases  of  fr£U3tuie 
of  the  neck  of  the  femur — a  result  which  is  unfortunately  rare 
in  those  people  most  liable  to  it ;  but  I  would  go  further,  and 
suggest  that  nature  has  provided  us  with  a  means  of  preventing 
fracture  at  a  time  of  life  when,  by  virtue  of  our  own  want  of 
thought,  there  is  most  necessity  for  it. 

I  must  first  introduce  my  theory  by  asking  the  following 
questions: — Why  should  these  retinacula  pass  as  far  as  the 
cartilage-clad  head  of  the  femur,  and  why  should  they  be 
arranged  in  such  definite  positions,  viz.,  at  the  upper  and  lower 
margins  of  the  neck  of  the  femur  ?  Not,  surely,  because  they 
are  to  be  of  use  when  the  bone  only  is  broken,  for  then  any 
position  would  have  served;  and  besides  that,  a  better  result 
would  have  been  obtained  if  the  periosteum  itself  had  been 
thickened  all  round  the  neck  of  the  femur.  Does  not  their 
definitely  allotted  position  rather  point  to  their  being  of  use  in 
limiting  excessive  strain  in  certain  directions  ? 

What  we  know  of  the  arrangement  of  ligaments  in  the 
ordinary  chondroarthrosis  (amphiarthrosis)  suggests  that  they 
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have  arisen  hereditarily  by  strain  or  pressure  exerted  in  a 
constant  and  dangerous  direction,  or  become  specialised  as  a 
result  of  that  pressure  ? 

We  know  that  the  head  of  the  femur,  after  the  third  year ' 
at  least,  is  united  to  the  neck  by  a  plate  of  cartilage,  which 
makes  this  junction  a  hyalo^^hondrosis  till  the  eighteenth  year ; 
we  know,  moreover,  in  the  case  of  bones  united  permanently 
by  a  plate  of  cartilage,  that  their  respective  investments  of 
periosteum  and  perichondrium  become  speciahsed  in  directions 
corresponding  to  dangerous  and  common  strains — for  example, 
the  anterior  and  posterior  common  ligaments  of  the  vertebral 
column ;  and  I  think  it  is  not  lumatural  to  suppose  that  strain 
put  upon  the  epiphysial  cartilage  between  the  neck  and  head  of 
the  f emiu:  would  be  at  certain  times  excessive  and  dangerous ; 
greater,  in  fact,  than  mere  union  by  cartilage  and  a  compara- 
tively lax  capsular  ligament  could  resist  We  are  therefore,  I 
think,  justified  in  looking  to  these  retinacula  as  being  means  to 
prevent  tearing  of  the  head  of  the  femur  from  the  neck  of  that 
bone,  and  we  may  advance  three  reasons  in  support  of  this 
view : — ^in  the  first  place,  the  constant,  definite  position  of  these 
bands  is  suggestive;  in  the  second  place,  the  fact  that  these 
bands  are  placed  at  the  upper  and  lower  parts  of  the  neck  of 
the  femur,  I  think,  points  to  some  definite  purpose ;  and  thirdly, 
an  appeal  to  the  condition  of  the  retinacula  in  the  young  joint 
affords  perhaps  the  strongest  evidence  of  alL 

Taking  the  first  of  these  reasons  first,  it  is  evident  that 
definiteness  of  position  indicates  definiteness  of  strain;  the 
second  reason  points  to  dangerous  strain  acting  in  a  certain 
definite  direction ;  and  because  these  retinacula  are  chiefly  placed 
at  the  upper  and  lower  borders  of  the  neck  of  the  femur,  we 
would  infer  that  the  strain  was  one  coming  from  above  or 
below.  As  the  femur  is  the  first  osseous  structure  that  has  to 
Hoax  the  weight  of  the  body  in  walking,  we  may  take  it  for 
granted  that  the  chief  strain  is  a  downward  one,  and  for  this 
reason  we  deduce  that  the  retinacula  ought  to  be  placed  above 
and  below :  above,  alone,  they  would  not  do,  as  such  an  arrange- 
ment would  simply  act  as  a  fulcrum  on  which  to  work,  and  the 
wound,  if  started,  would  gape  below ;  and  an  appeal  to  the  state 
in  the  new-bom  child  confirms  the  third  reason.    In  the  new- 
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bom  child  the  retinacula  are  well  developed, — much  more  so 
relatively  than  in  the  adult, — and,  unlike  those  of  the  adult,  are 
placed  in  two  positions  only,  namely,  above  and  below  the  neck 
oE  the  femur.  The  primary  intention  here  is  evidently  that  of 
resisting  the  weight  of  the  body  when  jlie  child  afterwards 
commences  to  walk. 

But  it  may  be  asked  why  these  retinacula  occupy  only  two 
positions ;  why  a  third  band  is  not  placed  in  front  and  below,  as 
iu  later  conditions  ?  The  answer  is  given  in  the  study  of  the 
attitude  and  gait  of  the  child  on  its  early  attempts  at  walking. 
In  a  child,  the  natural  position  of  the  leg  is  that  of  inversion — 
the  great  toe  is  turned  inwards  naturally,  both  when  at  rest 
and  when  walking ;  the  outward  direction  of  the  toes  is  a  condi- 
tion acquired  later  in  life,  and  is  a  result  of  the  more  erect 
attitude  attained  by  the  adult  and  by  the  higher  races  of  man- 
kind. 

With  the  toes  turned  inwards  the  head  of  the  femur  is 
correspondingly  directed  more  backwards;  in  other  words,  the 
strain  or  pressure  of  the  body-weight  is  directed  more  vertically 
than  in  the  adolescent  period  and  in  later  life.  As  the  adult 
condition  is  approached,  the  toes  become  turned  outwards  in 
walking;  the  head  of  the  femur,  as  a  consequence,  becomes  less 
buried  in  the  acetabulum  than  it  was  in  the  child ;  the  centre  of 
gravity  falls  behind  the  axis  of  rotation  of  the  femur,  and  the 
new  direction  of  the  neck  of  that  bone,  if  prolonged  from  the 
head  to  the  centre  of  the  acetabulum,  forms  an  obtuse  angle  in 
front  of  the  base  formed  by  the  original  axis,  and,  as  a  conse- 
quence, the  strain  or  body-pressure  no  longer  acts  in  a  vertical 
direction,  but  is  directed  downwards  and  forwards,  and  so  tends 
to  drive  the  head  of  the  femur  downwards  and  forwards.  In 
consequence  of  this,  a  specialisation — ^may  we  say,  shifting — of 
part  of  the  lower  band  takes  place,  and  forms  a  third,  the  one 
described  as  the  middle  band,  which  in  the  adult  stretches 
between  the  tuberculum  colli  inferius  and  the  articular  margin 
of  the  head  of  the  femur. 

The  hip-joint  of  the  child  forms  an  interesting  object  of 
study.  Not  the  least  interesting  and  important  is  the  fact  that, 
till  walking  is  firmly  established,  it  is  always  in  a  state  of  flexion, 
a  condition  brought  about  by  several  factors, — anatomically. 
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however,  by  two,  viz.,  shortness  of  the  anterior  part  of  the 
capsule  and  tension  of  the  ilio-psoas  tendon,  both  of  which 
maintain  the  joint  in  the  semi-flexed  stata  Physiologically 
this  naturally  flexed  state  is  one  which  has  its  origin  in  tdero  ; 
and  as  there  is  then  little  use  for  the  extension  of  the  hip- joint, 
the  constant  attitude  of  flexion  does  not  demand  great  length  of 
the  anterior  part  of  the  capsule  of  the  joint,  for  the  capsule  of 
any  joint  is  never  at  any  time  longer  than  the  range  of  move- 
ment permitted  by  the  tonicity  of  muscles  which  cross  it;  in 
other  words,  the  length  of  the  capsule  is  directly  proportionate  to 
the  range  of  movement  allowed  at  the  joint ;  and  because  this  is 
the  case,  the  anterior  part  of  the  capsule  of  the  hip-joint,  over- 
extension, which  it  is  intended  to  prevent,  being  in  abeyance, — 
and  the  joint  till  the  child  commences  to  walk  is  always  in  a  state 
of  flexion, — ^is  short,  and  becomes  lengthened  out  in  proportion  as 
the  increasing  demands  of  the  maintenance  of  the  erect  attitude 
require. 

So  long,  therefore,  as  the  hip-joint  is  normally  in  a  flexed 
condition,  so  long  do  we  expect  to  find  the  retinacula  placed  in 
two  sites,  because  they  have  to  meet  a  more  or  less  vertical 
strain ;  then,  as  the  erect  attitude,  which  is  accompanied  by  over- 
extension of  the  hip-joint,  calls  forth  a  new  strain,  we  expect  a 
new  resistance,  and  we  find  it  in  the  third  retinaculum. 

I  think  I  am  therefore  warranted  in  advancing  the  theory 
that  the  main  object  of  the  retinacula  of  Weitbrecht  is  not  to 
afford  a  natural  spUnt  to  a  fractured  cervix  femoris,  but  to  form 
buttresses  which  mayj  prevent  such  accidents  happening,  and 
chiefly  at  a  time  when,  as  before  said,  by  virtue  of  want  of  care 
for  our  limbs,  we  tax  the  strength  of  our  hip-joints  to  the 
utmost, — ^the  period  when  the  epiphysial  cartilage  forms  the 
direct  bond  of  union  between  the  head  and  neck  of  the  femur, 
— ^in  other  words,  the  period  of  youth ;  and  in  the  possession  of 
these  retinacula  the  epiphysio-diaphysial  joint  at  the  neck  of 
the  femur  is  only  brought  into  conformity  with  other  joints  of 
the  class  to  which  it  belongs,  namely,  the  class  Chondro- 
arthrosis  (Amphiarthrosis). 

That  the  retinacula  are  placed  in  the  position  of  greatest 
strain  is  also  borne  out  by  the  fact  that  we  find  them  also  in  the 
shoulder- joint,  where  they  are  placed,  as  in  the  hip-joint,  at  the 
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point  wheie  the  capsular  ligament  is  longest  in  the  shoulder- joint, 
on  the  under  aspect  of  the  neck  In  this  joint,  protection  is 
chiefly  afforded  by  muscles ;  and  they  are,  with  the  exception  of 
the  long  head  of  the  triceps,  placed  above,  in  front  of,  or  behind 
the  joint,  and  consequently  the  action  of  them  alone  in  raising 
the  segment  beyond  the  epiphysial  cartilage  is  enough  to  warrant 
the  placing  of  a  tie-beam  under  the  neck,  to  prevent  too  great 
strain  on  the  cartilage  during  raising  of  the  arm. 


LYMPHADENOMA  (HODGKIN'S  DISEASE)  OF  THE 
LYMPHATIC  GLANDS  AS  A  DISTINCT  PATHO- 
LOGICAL AFFECTION.  By  Gordon  Sharp,  M.B.  Edin., 
late  Research  Strident  in  Pharmacology^  Owens  College, 
Vidoria  Uhiversity. 

So  much  diversity  of  opinion  exists  among  authorities,  as  to  the 
true  nature  of  the  pathological  change  in  the  lymphatic  glands 
in  this  affection,  that  one  is  hardly  safe  in  saying  there  is  any 
definite  disease  answering  to  that  described  by  Hodgkin  in  the 
year  1832  (No.  34,  xvii),  supposing  we  are  to  judge  from  macro- 
scopic and  microscopic  appearances  only. 

Hodgkin's  disease  is  named  lymphoma  by  Ziegler,  adenia  by 
TrousseaOy  while  British  pathologists  variously  class  together  stromoas 
glands,  lymphadenoma,  lymphoma,  and  lymphosarcoma,  some  believ- 
ing them  to  be  one  and  the  same,  or  nearly  related,  while  others  make 
distinctions  of  a  more  or  less  definite  character.  Payne  {Manual  of 
Q^neral  Pathoiogy)  says : — '*  No  distinct  line  can  be  drawn  between 
these  productions  and  lymphosarcoma.  The  name  lymphadenoma 
has  also  been  used,  but  in  practice  means  the  same  as  lymphoma.'' 
Hamilton  {Text-booh  of  Pathology)  is  more  cautious,  saying: — "The 
affection  looks  more  like  a  lymphadenitis  due  to  some  wide-spread 
oauBO  than  a  disease  of  a  truly  sarcomatous  nature."  Coates  {Manual 
of  General  Paihology)  speaks  as  follows : — "  Chronic  lymphadenitis. — 
This  term  might  be  made  to  include  a  number  of  conditions  which 
will  be  afterwards  referred  to  as  occurring  in  leuksBmia,  Hodgkin's 
disease,  &c.,  as  well  as  in  scrofulous  disease  of  the  glands."  Boyce 
{Text-book  of  Morbid  Histology)  describes  the  microscopic  characters 
of  what  he  evidently  believes  to  be  a  distinct  disease.  "  Sections  of 
soft  tumours  consist  almost  entirely  of  small  lymphoid  cells,  with  some 
epithelial  cells,  and  of  a  reticulate  stroma.  In  a  section  of  a  hard 
tumouTy  whilst  there  are  numerous  small  cells  at  the  periphery  or 
scattered  in  groups,  there  is  at  the  same  time  a  very  universal  increase 
of  the  reticulate  frame-work."  Steven  {Glasgow  Medical  Journal) 
speaks  of  Hodgkin's  disease  as  a  hyperplasia  of  the  blood-forming 
organs  with  metastatic  deposits  in  the  various  organs.  Dreschfeld 
{Brit.  Med.  Jour.^  April  30,  1892)  looks  upon  Hodgkin's  disease  as 
including  lymphoma,  lymphadenoma,  and  lymphosarcoma,  saying  : — "  I 
therefore  look  upon  the  malignant  lymphoma,  including  lymphadenoma 
and  lymphosarcoma,  as  a  specific  inflammatory  growth,  due  to  a  specific 
infective  agent."    Woodhead  ( Text-book  of  Practical  Pathology)  speaks 
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with  no  uncertain  80und,  and  gives  the  characteristic  features  of 
lymphoma,  lymphosarcoma,  and  lymphadenoma  as  follows : — 

"Lymphoma — ordinary  lymphoid  tissue;  both  endothelial  plates 
and  reticulum  well  developed ;  number  of  lymphoid  cells  normal." 

"  Lymphosarcoma—  small  number  of  endothelial  plates,  correspond- 
ingly scanty  reticulum ;  enormous  increase  in  the  number  of  lymphoid 
cells." 

"  Lymphadenoma — early  increase  in  the  number  and  activity  of  the 
endothelial  plates,  accompanied  by  increase  of  reticulum,  whidi  leads 
to  a  great  diminution  of  lymphoid  cells." 

The  description  given  by  Woodhead  corresponds  with  my 
experience  of  the  affection  generally  known  by  the  name  of 
Hodgkin  s  disease,  or  lymphadenoma,  as  it  attacks  the  lymphatic 
glands.  This  experience  has  been  gained  clinically  as  well  as 
by  the  examination  of  naked-eye  and  microscopic  specimens  in 
the  same  patients.  Clinically,  physicians  appear  to  have  little 
difficulty  in  diagnosing  a  case  of  Hodgkin's  disease,  from  the 
enlargement  of  the  glands,  the  presence  of  more  or  less  anaemia, 
and  the  beneficial  effect  of  large  and  continued  doses  of  arsenic. 
If,  from  a  patient  with  this  clinical  history,  we  remove  the 
affected  lymphatic  glands,  and  cut  into  them,  we  find  in  almost 
every  instance  an  absence  of  suppurating  points;  further,  we 
find  the  gland  to  be  made  up  of  a  series  of  more  or  less  round 
bodies  of  a  pale  pink  or  white  colour,  surrounded  in  recent  cases 
by  a  thin  narrow  ring  of  different  coloured  tissue,  while  in  more 
advanced  cases  this  ring  is  much  broader.  If  a  specimen  be 
mounted  in  gelatine,  the  cut  section  shows  the  condition  very 
clearly.  The  fibrous  tissue  is  seen  invading  the  proper  gland 
structure,  and  cutting  off  islands  of  various  sizes,  and  aU  more 
or  less  round  in  shape.  From  the  difference  in  size,  both  of  the 
gland  tissue  and  of  the  fibrous  material,  the  cut  surface  of  the 
gland  presents  a  worm-eaten  appearance.  So  striking  is  the 
difference  between  the  two  tissues,  that  when  one  comes  to 
make  a  photograph  of  the  section,  the  various  points  are  readily 
reproduced. 

On  the  other  band,  a  mass  of  glands,  strumous  in  nature,  and 
which  has  existed  for  even  a  month  or  two,  shows  suppurating 
or  caseous  points,  or  both ;  and  on  closer  examination,  one  finds 
none  of  the  roundish  masses  found  in  Hodgkin's  disease:  the 
appearance  is  that  of  masses  of  glands  enlarged  variously,  and 
matted  together,  and  without  any  evident  internal  growth. 
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When  we  come  to  compare  lymphadenoma  (Hodgkin's  disease) 
with  lymphosarcoma,  we  find  there  is  a  wide  difiTerence  between 
them.  In  lymphosarcoma  we  have  a  mass  more  globular  in 
appearance,  and  more  often  being  in  one  single  mas&  On 
section,  we  miss  the  roundish  masses,  but  scattered  throughout 
points  of  haemorrhage  are  seen,  never  found  in  true  lymph- 
adenoma.  The  whole  tumour  has  a  softness  about  it,  as  if  the 
stroma  was  too  meagre  for  the  intercellular  elements,  but  this 
point  is  more  apparent  when  the  microsopic  characters  come  to 
be  examined. 

When  one  examines  microscopically  a  gland  which,  from  the 
clinical  symptoms,  permits  no  doubt  as  to  its  stnnnous  nature, 
we  find — setting  aside  the  consideration  of  the  suppurating  and 
caseous  centres — an  aggregation  of  small  round  cells  (with  or 
without  the  characteristic  foci),  and  a  small  amount  of  fibrous 
tissue.  The  fibrous  tissue  is  scattered  throughout  the  section  in 
equal  proportions,  and,  however  long  the  condition  may  have 
lasted,  is  never  a  marked  featiure.  These  points  can  be  clearly 
demonstrated  from  microphotographs  of  sections. 

On  the  other  hand,  a  gland  from  a  case  of  Hodgkin's  disease 
(lymphadenoma)  presents  on  examination  by  the  microscope 
weU-marked  f  eatiures.  In  addition  to  the  cellular  changes,  we 
find  a  distinct  growth  of  fibrous  tissue,  not  distributed  regularly 
throughout  the  gland  as  in  strumous  glands,  but  in  very  evident 
strands,  which  appear  first  at  the  periphery  and  slowly  advance 
towards  the  centre,  tUl  finally  the  proper  gland  tissue  is  dis- 
placed, and  only  a  mass  of  fibrous  tissue  remains.  By  making  a 
series  of  microphotographs  and  comparing  with  the  strumous 
change,  the  difference  between  the  two  conditions  can  be  readily 
seen  and  appreciated. 

Lymphosarcoma  differs  materially  from  both  the  foregoing. 
Instead  of  the  final  change  being  a  fibrous  one,  as  in  lymph- 
adenoma, it  is  a  cellular  growth,  and  the  microscope  shows  an 
enormous  collection  of  round  or  other  cells,  with  a  dispropor- 
tionate amount  of  fibrous  tissue.  The  growth  of  cells  goes  on, 
but  in  some  parts  one  may  fail  to  detect  any  fibrous  tissue. 
These  features,  too,  can  be  observed  in  microphotographs. 

It  will  thus  be  seen  that  careful  examination  by  the  naked 
eye  and  by  the  microscope  enables  us  to  mark  out  the  various 
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morbid  conditions  which  are  so  often  confounded  with  one 
another. 

It  is  interesting  to  trace  the  natoral  history  of  the  varions 
diseases  abeady  named.  In  tabercniar  glands  we  have  an 
irritating  agent  in  the  shape  of  a  specific  micro-organism,  which 
multiplies  itself,  and  causes  a  growth  of  all  the  glandular 
elements  at  first,  but  subsequently  causes  death  of  the  gland 
tissue.  Tracing  lymphosarcoma  and  lymphadenoma  as  they 
afiect  the  lymphatic  glands,  we  find  that  we  have  an  unknown 
irritating  agent,  and  that,  broadly  speaking,  both  tumours  start 
from  a  lymphoma.  If  the  further  growth  of  the  tumour  is 
characterised  by  the  presence  of  enormous  numbers  of  round 
cells,  with  a  small  amount  of  fibrous  tissue  and  endothelial 
plates,  then  we  get  a  lyTwphosarcomob,  On  the  other  hand,  if  the 
tumour  growth  tends  towards  the  formation  of  fibrous  tissue, 
with  a  sparing  amoimt  of  the  cellular  elements,  then  we  have 
lymphadenoma,  or  the  so-called  Hodgkin's  disease. 


THE  NEEVE  OF  WEISBEEG.    By  A.  Birmingham,  M.D., 
Professor  of  Anattmy^  Catholio  Unwersity,  DvUm. 

iRKsauLABiTiES  in  size,  and  absence,  of  the  lesser  internal 
cutaneous  or  nerve  of  Wrisberg,  as  well  as  the  relation  which 
its  development  bears  to  that  of  the  intercosto-humeral,  are 
well  known  and  oft  noted  facts.  But  I  am  not  acquainted  with 
any  record  of  a  relation,  which  I  am  satisfied  exists,  between  the 
nerve  of  "Wrisberg  and  the  first  dorsal;  namely,  when  the 
former  is  absent  as  a  branch  of  the  brachial  plexus  its  place  is 
taken,  generally  if  not  always,  by  a  lateral  cutaneous  branch  of 
the  first  dorsal  nerve. 

In  illustration  of  this,  I  have  notes  of  six  cases  in  which  the 
condition  mentioned  obtained.  In  each  of  these  the  cords  of  the 
brachial  plexus  failed  to  give  ofif  a  nerve  of  Wrisbei^,  while  a 
nerve  with  a  similar  distribution  arose  from  the  first  (receiving 
as  a  rule  also  fibres  from  the  second)  dorsal,  it  then  pierced  the 
first  intercostal  space,  and,  appearing  to  be  to  all  intents  and 
purposes  a  lateral  cutaneous  of  the  first  intercostal,  occupied, 
a  little  lower  down,  the  position  usually  occupied  by  the  lesser 
internal  cutaneous.  In  other  words,  the  normal  nerve  of  Wris- 
berg was  absent,  and  its  place  was  taken  by  a  lateral  cutaneous 
of  the  first  dorsal,  which  was,  I  have  no  doubt,  merely  a  dis- 
placed lesser  internal  cutaneous. 

The  first  three  specimens  were  not  examined  as  fully  as  those 
found  subsequently.  In  each  of  the  latter  a  more  careful  dis- 
section was  made,  the  communicating  branch  between  the  first 
and  second  dorsal,  described  in  this  Journal'^  by  Professor 
Cunningham,  was  carefully  examined,  and  its  relation  to  the 
lateral  cutaneous  of  the  fii*st  dorsal  made  out.  In  the  earlier 
cases  this  was  not  done.  The  details  of  the  six  specimens  are 
as  follows : — 

In  the  three  first  found,  I  merely  ascertained  that  the  nerve 
of  Wrisberg  was  absent  as  a  branch  of  the  brachial  plexus,  that 
its  place  was  taken  by  a  lateral  cutaneous  piercing  the  first 
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inteicoBtsl  space,  and  finally  that  this  lateral  cutaneous  arose 
from  the  first  dorsal  nerve ;  in  one  specimen  coming  off — ^from 


a.  First  inttrcostol  ni 


the  trunk  which  joins  the  brachial  plexus — h%h  up  while 
crossing  the  neck  of  the  first  rib,  in  a  second  at  a  lower  level 
and  in  a  third  low  down,  quite  close  to  the  point  at  which  the 
main  trunk  ia  separated  from  tiie  first  intercostal  l^ese  three 
poBitions  are  shown  in  fig.  1  as  h\,  hi,  and  bZ. 
The  arrangement  in  the  fourth  specimen  is  shown  in  fig.  2,  in 


r{p3 


which,  as  in  the  following  figures,  a  represents  the  intercostal 
parte  of  the  first  dorsal,  h  the  lateral  cutaneous  of  the  same 
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nerve,  c  the  communicating  branch  from  the  second  to  the  first 
dorsal,  and  d  the  second  intercostal  In  this  specimen  the  Erst 
dorsal  divided  into  a  larger  trunk  which  passed  up  to  join  the 
brachial  plexus,  and  a  smaller  which  soon  divided  into  three ; 
two  of  these,  a  a,  were  distributed  in  the  intercostal  space;  the 
third  'received  the  communicating  branch  from  the  second  dorsal, 
J  the  first  intercostal  space,  pierced  the  intercostal 
^,  ancl  reaching  the  axilla  was  distributed  as  the  nerve  of 
Wriaberg. 

In  the  fifth  specimen,  fig.  3,  nearly  the  whole  of  the  first 
dorsal  passed  up  to  the  brachial  plexus,  only  a  very  small 


a,  tntcrccMtsI  port  of  lat  dorsal ;  b,  lateral  cutaneous  pert  of  1st  dorsal ; 
«,  branch  &om  2Dd  to  1st  dorsal ;  i^  2Dd  iuteicoatal. 

portion  running  out  to  the  intercostal  space;  this  latter  was 
joined  by  a  much  lai^r  branch  from  the  second  dorsal,  c ;  after 
a  short  course  the  resoltii^  trunk  divided  into  an  intercostal 
part,  a,  and  a  lateral  cutaneous  part,  b,  which  pierced  the 
intercostal  muscles  and  was  distributed  as  iu  the  preceding  case. 
In  the  sixth  specimen  (fig.  4)  the  arrangement  differed  little 
from  that  shown  in  the  fifth.  Here,  however,  the  branch  from 
the  second  dorsal,  c,  which  was  small,  divided  into  two  as  it 
approached  the  intercostal  part  of  the  first ;  in  similar  fashion 
the  latter  divided,  as  in  Ko.  5,  into  an  intercostal  proper  and  a 
lateral  cutaneous,  each  of  which  was  joined  by  one  of  the 
divifflons  of  the  communicating  branch  from  the  second  dorsal, 
BO  that  the  second  contributed  not  only  to  the  formation  of  the 
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lateral  cutaneous  of  the  first  dorsal  (tbat  is,  the  representatiTe  of 
the  nerve  of  Wriaberg),  but  also,  by  joining  the  interooetal  part 
proper  of  the  first  dorsal,  helped  to  supply  the  first  intercostal 


B«f«Tence  aa  in  Fig.  3. 

Space, — a  state  of  things  to  which  there  would  seem  to  be  a 
tendency,  as  shown  on  the  opposite  side  of  the  subject,  from 
which  the  fifth  specimen,  described  aibove,  was  taken.  In  this, 
as  shown  in  fig.  5,  the  first  dorsal  gave  off  a  very  small  inter- 


a,  lint  intercostaJ ;  e,  branch  from  Sod  intercostal  to  first  apace  ;  d,  and 

«,  rest  of  intercostal  going  to  2iid  Bpace. 

costal  branch,  a ;  the  second  dorsal  gave  off  a  Hmall  branch,  e,  to 
the  hinder   part  of  its   space,   then  crossing  the  second   rib 
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obliquely,  ran  along  the  lower  part  of  the  first  space,  gave  off  a 
branch  to  the  first  space,  c,  and  recrossing  the  second  rib  was 
continued  out  in  its  own  space,  d.  That  is  to  say,  the  second 
intercostal  supplied,  at  a  considerable  distance  from  the 
vertebral  column,  a  good-sized  branch  to  the  first  space.  It 
should  be  added,  that  in  this  particular  case  the  communicating 
branch  between  the  first  and  second  dorsal  was  entirely  absent. 
Cunningham  pointed  out  that  this  communicating  branch  from 
the  second  dorsal  may  join  either  the  brachial  or  the  intercostal 
part  of  the  first,  or  both  of  these. 

The  above  is  simply  a  record  of  the  facts  observed  in  these 
cases.  We  must  next  consider  tiiie  proper  interpretation  of 
these  facts.  In  the  first  place,  it  seems  reasonable  to  conclude 
that  the  normal  nerve  of  Wrisberg  is  the  lateral  cutaneous  of 
the  first  intercostal  nerve,  carried  up  and  distributed  by  the 
brachial  plexus.  This  for  the  following  reasons  : — (1)  The 
nerve  of  Wrisberg  is  found  to  be  composed,  in  the  majority  of 
cases,  of  fibres  of  the  first  and  possibly  of  the  second  dorsal, 
the  latter  easily  explained  through  the  communicating  branch. 
(2)  THie  distribution  of  the  nerve,  in  relation  to  that  of  the 
intereosto-humeral,  is,  as  tested  by  the  laws  enunciated  by 
Heringham,  that  of  a  first  dorsal  lateral  cutaneous.  (3)  As 
shown  in  the  cases  recorded  above,  when  the  nerve  of  Wrisberg 
does  not  arise  in  the  usual  fashion  from  the  inner  cord  of  the 
brachial  plexus,  it  is  represented  by,  or  becomes,  the  lateral 
cutaneous  of  the  first  dorsal ;  being  in  such  cases  in  what  would 
appear  to  be  its  true  morphological  position.  (4)  And  finally, 
in  the  cases  recorded  above,  the  nerve  which  represents  the  nerve 
of  Wrisberg  was  found  arising  practically  in  every  position 
between  the  origin  of  a  normal  lesser  internal  cutaneous,  and 
the  origin  of  a  typical  first  dorsal  lateral  cutaneous. 

For  these  reasons  I  have  come  to  the  conclusion  that  the 
nerve  of  Wrisberg  is  morphologically  the  lateral  cutaneous  of 
the  first  dorsal  nerve. 

Then,  if  the  nerve  of  Wrisberg  represents  the  lateral  element 
of  the  first  dorsal  nerve,  what  is  the  nature  of  the  fibres  of  this 
nerve  which  go  to  join  the  brachial  plexus  ?  This  naturally  leads 
to  another  question, — ^What  is  the  morphology  of  the  nerves 
passing  into  the  limb  plexuses  ?    As  is  well  known,  two  different 
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views  are  held  on  this  subject.  Many  anatomists,  following 
Goodsir,^  consider  that  these  plexuses  are  formed  of  the  lateral 
elements  of  the  nerves  only,  while  the  ventral  portions  are  in 
great  part  or  entirely  suppressed.  On  the  other  hand,  Paterson, 
Eisler,  and  others  maintain  that  the  nerves  of  the  limb  plexuses 
represent  both  the  ventral  and  lateral  division  of  the  ordinary 
typical  segmental  nerves.  In  support  of  this  view,  Paterson* 
pointed  out  the  fact  that  the  anterior  primary  division  of  each 
nerve  joining  a  limb  plexus  (excepting,  as  a  rule,  that  of  the  first 
dorsal)  divides  into  a  dorsal  and  a  ventral  branch  :  the  former,  he 
considers,  represents  the  lateral  element  of  a  typical  segmental 
nerve  {e.g.,  lateral  cutaneous  of  an  intercostal) ;  and  the  latter,  the 
ventral  part  of  such  a  nerve  (intercostal  beyond  the  origin  of 
the  lateral  cutaneous). 

If  it  be  conceded  then  that  the  nerve  of  Wrisbergis  the  lateral 
cutaneous  of  the  first  dorsal,  it  will  be  interesting  to  examine 
the  bearing  of  such  a  conclusion  on  our  views  of  the  morphology 
of  the  limb  plexuses.  This  brings  us  back  to  the  question  of  the 
nature  of  the  fibres  passing  from  the  first  dorsal  to  the  brachial 
plexus.  In  my  opinion,  these  fibres  are  wholly  or  chiefly  com- 
posed of  ventral  elements.  I  have  arrived  at  this  conclusion  from 
a  consideration  of  the  following  points.  In  considering  them, 
it  will  be  well,  for  clearness,  to  keep  before  us  an  arrangement  of 
the  nerve  of  Wrisberg  such  as  I  have  described  in  the  foregoing 
six  cases.  (1)  The  lateral  element  of  the  first  dorsal  in  each  of 
these  cases  was  distinctly  present,  and  I  believe  fully  represented, 
in  the  branch  which  pierced  the  first  intercostal  space  and  took 
the  place  of  the  nerve  of  Wrisberg.  (2)  It  would  appear  that 
the  ventral  element  of  the  first  dorsal  is  not  fully  represented 
by  the  first  intercostal  nerve,  for,  as  a  rule,  this  nerve  supplies  no 
anterior  cutaneous  branch.  (3)  The  portion  of  the  first  dorsal 
which  passes  up  over  the  first  rib  does  not  divide  into  ventral 
and  dorsal  branches  like  other  limb  plexus  nerves,  but  remains 
undivided,  and  joins  with  the  ventral  (not  the  dorsal)  divisions 
of  the  other  nerves  entering  the  plexus.  These  facts,  to  me, 
seem  to  point  clearly  to  the  conclusion  in  the  six  cases  recorded 
above,  that  the  portion  of  the  first  dorsal  passing  over  the  neck 

*  Goodsir,  Aiiatom,  Mem,,  vol.  ii.  p.  201. 

*  Paterson,  Jour,  of  Anai,  and  Phys.,  vol.  xxi.  p.  629. 
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of  the  first  rib  is  made  up  chiefly  or  entirely  of  ventral  elements ; 
and  that,  in  ordinary  cases — those  in  which  the  nerve  of  Wris- 
berg  arises  normally — the  contribution  from  the  first  dorsal  to 
the  plexus  is  composed  of  both  ventral  and  lateral  elements,  the 
latter  being  represented  by  the  fibres  of  the  nerve  of  Wrisberg. 
And  although  the  portion  of  the  first  dorsal  which  joins  the 
brachial  plexus  is  said  not  to  divide  into  dorsal  and  ventral 
portions  as  a  rule,  still,  if  we  consider  the  nerve  of  Wrisberg  to 
be  a  dorsal  (or  lateral)  branch,  we  may  revise  this  description,  and 
allow  the  first  dorsal  to  take  its  place  with  the  other  limb  plexus 
nerves,  all  of  which  divide  into  ventral  and  dorsal  branches. 

From  the  foregoing,  it  will  appear  that  my  reading  of  the 
abnormal  cases  cited  above,  and  the  view  of  the  nature  of  the 
nerve  of  Wrisberg,  and  of  the  part  of  the  first  dorsal  going  to 
the  brachial  plexus,  deduced  from  them,  favour  Paterson's  theory 
of  the  morphology  of  the  limb  plexuses.  For  if  it  be  admitted 
that  the  nerve  of  Wrisberg  represents  the  lateral  cutaneous  of 
the  first  dorsal,  then  the  rest  of  that  nerve  going  to  the  plexus 
must  be  made  up  of  ventral  elements,  and  consequently,  ventral 
(as  well  as  lateral)  elements  enter  into  the  formation  of  the 
plexus. 

The  only  other  point  worthy  of  note  in  these  cases  is  the 
indistinct  demarcation  exhibited  between  the  first  and  second 
dorsal  nerves,  as  in  many  other  parts  of  the  nervous  system. 
Whether  the  variations  in  this  regard  are  due  to  a  wandering 
in  the  cord  of  the  cells  with  which  the  fibres  are  connected,  or 
to  the  fibres  following  diflferent  paths  in  their  course  from  the 
cells,  it  is  difficult  to  say. 


i_. 


ON    THE    ORGAN    OF    JACOBSON    IN    THE    MONO- 
TEEMATA.    By  R  Broom,  KB.,  CM.,  B.Sc.    (Platk  II.) 

The  organ  of  Jacobson  has  of  late  years  received  a  consider- 
able amount  of  attention  ;  and  yet,  in  the  way  of  its  comparative 
anatomy,  much  remains  to  be  done.    As  is  well  known,  tliis 
peculiar  organ  is  a  characteristic  of  the  Mammalia,  and  among 
Reptiles  of  the  Lacertilia  and  Ophidia.     Among  the  mammals 
it  is  usually  present  as  a  more  or  less  developed  organ,  though 
not  infrequently  it  is  quite  rudimentary,  as  in  Man,  or  even 
entirely  absent,  as  in  Pteropus ;  while  it  appears  to  be  alwajrs 
well  developed  among  the  lizards  and  snakes.    In  other  groups 
of  reptiles  it  seems  to  be  generally  absent,  though,  according  to 
Prof.  G.  B.  Howes  (1),  there  is  reason  to  believe  that  it  exists 
in  the  Caiman,  and  I  think  it  not  improbable  that  its  presence 
may  yet  be  detected  in  some  other  reptiles.    Among  amphibians, 
Prof.  Wiedersheim  (6)  discovered  the  organ  of  Jacobson  in  the 
highly  developed  group  —  the  Gymnophiona.      In  the  Mono- 
tremata  its  condition  is  specially  interesting,  on  account  of  the 
reptilian  affinities  of  these  low  mammals. 

Prof.  Symington  (2)  has  figured  and  briefly  described  the 
condition  of  the  organ  in  Ornithorhynchus,  and  its  relations 
have  been  more  fully  dealt  with  in  papers  by  Prof.  J.  T.  Wilson 
(3)  (4)  and  Dr  C.  J.  Martin  (3) ;  while  the  condition  in  Echidna 
has  been  recently  referred  to  by  Prof.  W.  Newton  Parker  (5). 
In  my  present  paper  I  shall  endeavour  to  supplement 
Symington's  researches  on  the  Platypus,  and,  from  a  detailed 
examination  in  the  Echidna,  to  institute  a  comparison  between 
the  structure  and  relations  of  the  organ  in  the  two  monotremes, 
and  also  to  point  out  some  of  its  reptilian  and  mammalian 
affinities. 

In  his  paper  on  Ornithorhynchus  already  referred  to,  Syming- 
ton  calls  attention  to  the  reptilian  characters  of  the  organ  iu 
that  genus,  such  as  the  great  development,  the  turbinal  process, 
and  the  forward  as  well  as  backward  extension  of  the  organ 
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from  the  naao-palatine  foramen.  While  such  characters  are 
undoubtedly  met  with  in  the  Platypus,  they  are  not  all,  as  will 
be  shown  later  on,  such  as  are  characteristic  of  the  order 
Monotremata.  In  Omithorhynchus  we  have  a  unique  develop- 
ment of  the  beak,  and  especially  of  the  prenasal  structures  (well 
illustrated  by  WilBon  and  Martin  (3),  a  development  which  is 
certainly  not  a  reptilian  characteristic,  and  it  is  probable  that 
the  peculiar  development  of  the  organ  in  this  genus  may,  in  part 
at  least,  be  associated  with  the  corresponding  development  of 
the  prenasal  structurea 

The  Organ  of  Jacobson  and  ns  relations  in  Echidna. 

Before  dealing  with  Jacobson's  organ  itself,  it  will  be  well  to 
consider  briefly  the  cartilaginous  structures  related  to  it 

In  Echidna  the  nasal  septum  passes  beyond  the  nostrils  to  the 
very  front  of  the  "  beak,"  where  it  is  present  as  a  cartilaginous 
pad  between  the  two  anterior  ends  of  the  prem6«illaries,  and 
preventing  their  uniting  by  a  bony  suture,  as  in  most  of  the 
higher  mammals.  A  little  behind  this,  where  the  premaxillary 
bones  begin  to  diverge,  this  "  rostral "  cartilage  is  seen  to  be 
broadened  out  at  its  base  by  the  addition  of  the  forward 
extension  of  the  "  palatal "  cartilages. 

In  the  region  of  the  nostril  a  well  formed  septum  is  met,  with 
short  alinasal  cartilages,  but  giving  off  remarkable  alinasal 
torbinals,  which  bear  a  very  close  resemblance  to  those  in  the 
common  chick  (fig.  1). 

On  the  pl«dn  of  the  hinder  border  of  the  anterior  narial 
openiag  we  find  the  septum  at  its  base  distinct  from  the  two 
lateral  cartilages,  which  pass  outwards  from  it  and  form  the 
floor  of  the  ioner  part  of  the  nasal  cavity.  These  cartilages 
arc  most  probably  developments  of  the  trabecular  cornua,  but 
for  convenience  may  be  referred  to  as  the  **  palatal "  cartilages. 
The  alinasal  turbinal  is  here  well  developed,  and  to  the  outer 
side  of  the  nostril  is  a  small  detached  piece  of  the  alinasal, 
lecalling  the  cartilage  on  the  outer  wall  of  the  nostril  in 
Omithorhynchus. 

Passing  backwards,  we  find  the  palatal  cartilages  becoming 
hollowed  out  near  their  middle  on  the  under  side,  to  accom- 
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modate  the  extreme  anterior  end  of  Jacobson's  organ.  On  this 
plane  also  the  alinasal  cartilage  from  the  septum  is  seen  united 
with  the  small  detached  piece  previously  mentioned.  From  this 
outer  portion  there  arises  a  peculiar  little  lamella,  which  is 
reflected  back  towards  the  upper  part  of  the  septum  (fig.  2). 

In  the  next  stage  backwards  we  find  the  palatal  cartilages 
each  divided  by  the  upward  extension  of  the  naso-palatine  canal. 
The  inner  moiety  is  roughly  cubical  in  shape,  with  the  outer 
side  concave;  in  which  concavity  lies  the  anterior  end  of 
Jacobson's  organ,  as  it  opens  into  the  naso-palatine  canal.  The 
outer  moiety  is  found  as  a  small  plate  of  cartilage  in  the  nasal 
floor  just  outside  the  canal  (fig.  3). 

Immediately  behind  this  plane,  the  inner  moiety  of  each 
palatal  cartUage,  now  becoming  the  cartilaginous  framework  of 
Jacobson's  organ,  is  considerably  increased  in  size,  and  resembles 
the  letter  "C,"  with  the  wall  considerably  thickened  at  the 
upper  and  inner  angle.  In  the  hollow  the  anterior  part  of  the 
organ  is  still  seen  connected  with  the  naso-palatine  canal,  which 
here  communicates  freely  with  the  nasal  cavity.  While  the 
naso-palatine  canal  opens  into  both  Jacobson's  organ  and  the 
nasal  cavity,  the  connection  with  the  former  is  rather  more 
anterior  than  its  opening  into  the  nasal  cavity,  so  that  Jacobson's 
organ  will  be  seen  to  communicate  only  indirectly  with  the 
nasal  cavity.  On  this  plane  the  organ  is  lined  with  squamous 
epitheUum  (fig.  4  and  fig.  5). 

Almost  immediately  behind  this  the  cartilage  of  Jacobson's 
organ,  **  C  "-shaped  before,  is  found  much  expanded,  and  now  in 
the  form  of  a  complete  oval  ring.  Enclosed  we  find  the  organ 
here  in  almost  every  respect  typically  mammalian.  The  inner 
and  upper  wall  of  the  cartilaginous  ring  supports  the  typical 
sensory  mucous  membrane,  whUe  on  the  lower  and  outer  wall  a 
large  development  of  glandular  and  vascular  tissue  forces  the 
mucous  membrane  of  Jacobson's  organ  inwards,  bringing  the 
outer  wall  almost  in  contact  with  the  inner,  and  giving  the 
organ  here,  on  section,  the  appearance  of  a  gastrula.  The 
epithelial  layer  on  the  outer  side  is  about  half  the  thickness  of 
the  inner  (fig.  6). 

As  we  proceed  backwards,  the  chief  diflference  we  meet  vrith 
in  the  structure  of  the  organ  is  that  glandular  and  vascular 
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tissue  becomes  supported  by  a  plate  of  cartilage  which  passes 
from  the  outer  wall  half  way  into  the  cartilaginous  tube.  This 
turbinal  cartilage,  though  well  marked  at  the  part  where  the 
deyelopment  of  the  organ  is  greatest,  is  absent  from  both  the 
anterior  and  posterior  quarters  of  the  tube. 

The  outer  moiety  of  the  palatal  cartilage,  which  immediately 
behind  the  naso-palatine  canal  has  almost  disappeared,  on 
passing  backwards  soon  becomes  more  developed,  and  on  reaching 
the  plane  where  the  turbinal  of  Jacobsoh's  organ  becomes  first 
well  developed  passes  inwards,  and  meeting  its  fellow  of  the 
opposite  side,  the  two  form  a  complete  transverse  plate,  on 
which  rest  the  capsules  of  the  two  organs. 

At  its  greatest  development,  the  organ  in  Echidna  differs 
little  from  that  in  other  mammals  where  it  is  well  developed, 
except  in  the  possession  of  the  turbinal  plate.  This  plate  is 
covered,  except  at  its  base,  by  a  thick  layer  of  connective  tissue, 
containing  numerous  glands,  and  supporting  a  plexus  of  large 
vessels.  These  vessels  appear  to  run  chiefly  parallel  to  the 
long  axis  of  the  organ,  so  that,  on  section,  seven  or  eight  large 
vessels  are  cut  across,  arranged  regularly  around  the  process. 
The  epithelium  covering  the  connective  tissue  at  this  part  is 
composed  of  a  layer  of  large  columnar  ciliated  cells,  supported 
by  a  layer  of  small  roundish  or  spindle  cells.  The  connective 
tissue  of  the  inner  wall  is  a  comparatively  thin  layer,  but  con- 
tains a  large  quantity  of  nerve  fibres,  especially  at  the  upper  and 
lower  comers.  The  epithelial  layer  is  composed  of  a  series  of 
rows  of  spindle  cells  supportiag  columnar  cells,  with  which  are 
intermixed  the  typical  nerve  cells.  Both  the  sensory  cells  and 
the  columnar  epithelial  cells  supporting  them  appear  to  be 
devoid  of  cilia.  About  the  middle  of  the  thick  epithelial  layer 
the  spindle  cells  are  unusually  large,  and  have  the  nuclei  chiefly 
at  the  lower  end.  The  branched  connections  of  the  various 
cells  are  very  similar  to  those  found  in  the  higher  mammals. 
The  glandular  ridge  outside  the  organ  is  in  large  part  occupied 
by  the  ducts  from  the  greatly  developed  glands  situated  further 
back  (fig.  11). 

For  a  distance  of  5  or  6  mm.  the  organ  of  Jacobson  is 
practically  unaltered,  then  we  find  the  turbinal  process  disappear, 
and  the  lumen  of  the  organ  becomes  rapidly  contracted.    For  a 
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short  distance  the  cartilaginous  framework  is  again,  in  section,  a 
simple  oval  ring,  containing  in  the  upper  two-thirds  large 
bundles  of  nerve  fibres  with  a  few  vessels,  and  in  its  lower  part 
the  tapering  posterior  end  of  the  organ,  surrounded  bjr  a  little 
glandular  tissue.  The  organ  here  is  little  more  than  a  duct,  and 
is  lined  with  short  columnar  non-ciliated  cells. 

A  little  further  back  the  cartilaginous  ring  becomes  more 
feebly  developed,  its  upper  part  first  disappearing,  and  soon  only 
leaving  its  trace  in  the  firm  connective  tissue  surrounding  the 
nerve  bundles.  The  duct-like  extremity  of  the  organ  can  still 
be  traced  a  long  way  back,  and  appears  to  be  a  duct  for  a 
considerable  part  of  the  glandular  tissue  behind. 


The  ORaAN  of  Jacjobson  akd  rrs  relations  in 

Ornithorhynchus. 

In  Ornithorhynchus,  as  the  organ  has  been  but  recently 
described  by  Symington  (2),  I  will  content  myself  chiefly  with 
calling  attention  to  a  few  points  supplementing  his  work,  and 
with  pointing  out  the  relation  of  the  parts  to  those  in  Echidna. 

In  a  vertical  transverse  section  made  a  little  behind  the 
external  nostril  in  the  Platypus  we  find  the  framework  of  the 
nose  very  simple  (see  fig.  1  in  Symington's  paper) — a  thick, 
short,  nasal  septum,  expanding  above  into  two  alinasals,  which 
curve  round  the  nasal  cavities,  and  are  continued  on  to  meet 
each  other  in  the  middle  line  below  the  base  of  the  septum, 
against  which  they  abut.  There  is  considerable  reason,  however, 
as  will  be  shown  later,  for  regarding  the  inner  half  at  least  of 
this  cartilaginous  nasal  floor  as  the  homologue  of  the  cartilage 
in  Echidna  referred  to  as  the  "  palatal." 

A  very  short  distance  behind  this  plane  we  find  the  inner 
part  of  the  nasal-floor  cartilage  much  enlarged,  and  excavated  by 
the  anterior  end  of  Jacobson's  organ,  which  even  here  is  divided 
into  an  upper  and  lower  part  by  the  anterior  end  of  the  large 
turbinal  plate  passing  inwards.  This  excavation  bears  only  a 
slight  resemblance  to  the  condition  in  Echidna,  but  is  somewhat 
similar  to  what  occurs  in  some  Laoertilia,  e.g.  Monitor,  and 
even  in  some  of  the  higher  mammals,  as  in  the  Hare.    As  this 
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cartilaginous  framework  of  the  organ  is  continued,  with  only 
slight  alterations,  to  near  the  posterior  end  of  the  organ,  it 
becomes  highly  probable  that  it  is  really  a  development  of  the 
trabecular  comu  that  is  in  contact  with  the  base  of  the  septum, 
and  which  has  become  welded  with  the  large  alinasal. 

In  Omithorhynchus  the  length  of  the  whole  organ  Symington 
gives  as  5-6  mm.  in  his  specimen :  in  the  one  I  have  examined, 
which  was  a  large  male,  the  organ  measured  about  7  mm.  in 
length,  and  at  its  greatest  breadth  (at  the  anterior  part)  3*8  mm. 
The  organ  is  naturally  divided  by  the  naso-palatine  foramen 
into  two  sections,  which  differ  considerably  in  structure  (fig.  9). 
In  the  anterior  region  the  organ  is  broad  and  flat,  and 
divided  into  an  upper  and  lower  part  by  a  large,  straight,  turbinal 
plate,  thickened  near  its  inner  end.  In  this  anterior  region  the 
whole  organ  is  lined  with  columnar  ciliated  epithelium.  The 
turbinal  process  is  covered  with  a  vascular  plexus,  intermixed  on 
the  upper  side  and  at  the  inner  end  with  a  few  acinous  glands. 
The  inner  wall  of  the  capsule  is  lined  with  a  large  number  of 
nerves,  a  few  vessels,  and  a  few  glands.  In  this  region  the 
epithelial  layer  is  unusually  thick,  and  composed  of  numerous 
small  cells,  covered  with  ciliated  epithelium.  I  have  not  as  yet 
investigated  the  minute  histological  elements,  but  this  inner 
wall  of  the  organ  in  the  region  of  the  naso-palatine  foramen  is 
probably  the  chief  sensory  part 

In  the  region  of  the  naso-palatine  foramen  the  cartilaginous 
floor  becomes  perforated,  and  the  inner  part  is  not  again  seen 
attached  to  the  outer  in  any  of  the  posterior  sections.  That  the 
portion  of  cartilage  immediately  outside  the  naso-palatine 
foramen  is  the  homologue  of  the  part  similarly  situated  in 
£chidna  may  be  inferred  from  the  fact  that  a  little  behind  the 
foramen  it  passes  inwards  and  joins  its  neighbour  in  the  middle 
line.  This  median  plate  is,  moreover,  quite  detached  from  the 
alinasals  at  the  sides  (fig.  7). 

In  the  region  of  the  foramen,  and  a  little  in  front,  the  outer 
angle  of  the  framework  of  Jacobson's  organ,  with  the  turbinal, 
is  found  detached  from  the  cartilage  of  the  nasal  floor.  Behind 
the  foramen  this  outer  angle  joins  with  the  inner  part  of  the 
cartilaginous  floor,  forming  an  irregular  tube,  which  on  passing 
backwards  becomes  nearly  circular,  as  figured  by  Symington. 
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In  thifl  posterior  regiou  the  turbinal  process  becomes  curved 
downwards,  and  in  section  resembles  somewhat  a  bishop's 
crosier.  The  sensory  layer  of  epithelium  on  the  inner  wall 
Symington  considers  in  his  sections  to  have  been  detached,  but 
it  is  very  remarkable  that  in  my  sections  a  similar  condition  is 
found,  though  a  little  in  front  the  usual  sensory  epithelium  is 
present.  It  may  possibly  be  that  the  epithelium  of  this  part 
becomes  degenerate  in  the  adult,  and  that  the  function  is 
performed  by  the  part  of  the  organ  near  the  foramen,  and  to  the 
front  of  it. 


Comparative  Observations. 

In  comparing  the  organ  in  Ornithorhynchus  with  that  in 
Echidna,  the  most  striking  difference  is  seen  in  the  extension  of 
the  organ  in  front  of  the  iiaso-palatine  foramen  in  the  former. 
This  peculiarity  may  be  connected  with  the  unusual  development 
of  the  cartilages  of  the  beak,  though  possibly  it  is  one  of  the  num- 
erous reptilian  affinities  of  the  genus,  as  in  the  Varanidae  and 
other  typical  lizards  the  organ  at  its  anterior  part  excavates  the 
large  lateral  cartilages.  Even  in  the  higher  mammals,  however, 
a  similar  tendency  is  seen  on  a  small  scale,  as  in  the  Hare. 
Another  very  obvious  difference  is  the  unusual  shortness  of.  the 
organ  in  Ornithorhynchus  and  its  length  in  Echidna  (fig.  9  and 
fig.  10). 

In  mammals,  when  the  organ  is  well  developed,  as  in  the  Hare, 
Goat,  Phalanger,  Cat,  &c.,  it  is  usually  present  as  an  elongated 
tube,  such  as  we  have  in  Echidna,  though  occasionally,  as  in  some 
Bats,  it  is  well  developed,  and  even  relatively  shorter  than  in 
Ornithorhynchus. 

In  the  Platypus  we  find  the  organ  supported  by  the  dumb-bell- 
shaped  bone  (anterior  vomer) — a  bone  in  close  association  with 
the  capsule  of  the  organ,  and  of  a  similar  length.  In  Echidna 
there  is  no  bone  supporting  the  capsule,  but  there  is  a  mass  of 
firm  connective  tissue  occupying  a  similar  position  to  the  bone 
in  Ornithorhynchus ;  from  this  and  from  the  vomer  proper,  only 
beginning,  as  in  the  Platypus,  at  the  posterior  end  of  the  organ,  it 
is  highly  probable  that  in  the  immediate  ancestors  of  the 
Echidna  there  existed  an  anterior  vomer. 
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In  both  Monotremes  the  organ  is  completely  surrounded  by 
cartilage,  except  in  the  neighbourhood  of  the  naso-palatine 
foramen.  This  is  not  a  reptilian  character,  as  in  both  lizards 
and  snakes  the  septo-maxillary  forms  the  greater  part  of  the 
framework  above.  In  Snakes,  in  fact,  there  is  practically  no 
cartilaginous  capsule  at  all.  In  many  of  the  higher  manmials 
the  oi^n  is  completely  invested  with  cartilage,  at  least  for  a 
part  of  its  length,  e.^.,  Cat,  Hare,  &c. ;  in  others  the  organ  is  sup- 
ported by  cartilage  only  on  its  inner  and  under  side,  e.g., 
Phalanger,  Dasyurus,  &c. 

The  existence  of  the  turbinal  process  in  the  organ  in  Mono- 
tremes is  a  point  of  peculiar  interest,  as  no  similar  process  has 
been  detected  in  any  higher  mammal,  and  as  it  recalls  the 
turbinal  process  of  the  organ  in  Lizards  as  pointed  out  by 
Symington.  Though  the  organ  is  clearly  not  a  near  relative  of 
that  in  the  Lizards,  there  is  considerable  affinity  between  the 
organ  in  Omithorhynchus  and  that  in  the  Agamidds  and  the 
Greckonidae.  A  transverse  section  in  the  organ  in  a  ripe  embryo 
of  Grecko  indeed  bears  a  very  close  resemblance  to  the  section 
through  the  organ  in  the  Platypus  in  the  region  of  the  naso- 
palatine foramen  (figs.  7  and  8).  In  the  Monitor,  where  the  organ 
probably  attains  its  greatest  degree  of  development,  the  arrange- 
ment of  parts  is  considerably  more  complicated. 

Symington  expresses  a  belief  that  the  organ  of  Jacobson  attains 
its  greatest  development  in  the  Monotremata,  but  with  this  I 
cannot  agree,  as  in  the  Monitor  it  is  relatively  very  much  larger, 
and  even  among  the  higher  mammals  it  attains  a  greater  pro- 
portional development  in  some  bats. 

In  the  adjoining  plan  the  relations  of  the  organ  in  the  Mono- 
tremata are  contrasted  with  those  in   some  typical  groups  of 
reptiles  and  mammals.     In  each  group  the  characters  are  taken 
of  some  species  in  which  the  organ  attains  a  considerable  degree 
of  development.    In  the  first  two  columns  the  condition  of  the 
bony  framework  is  comparatively  considered.     I  have  assumed 
that  the  palatine  process  of  the  premaxillary  in  mammals  is  the 
exact  homologue  of  the  "  vomer  "  in  lizards,  or  at  least  of  that 
part  of  it  in  the  neighbourhood  of  the  organ,  and  is  properly  the 
anterior  vomer.    This  point  might  be  argued  at  some  length, 
but,  as  the  result  of  very  considerable  independent  research,  I  am 
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satisfied  it  is  so ;  the  investigations  of  Howes  (1)  and  Wilson  (4) 
both  point  in  the  same  directioa  My  views  on  this  subject  I 
may  communicate  later  in  detail.  In  almost  all  mammals  pos- 
sessed of  an  organ  of  Jaoobson  this  bone  is  well  developed,  and 
developed  longitudinally  in  proportion  to  the  organ.  Echidna 
is  the  most  striking  exception.  This  anterior  vomer  is  generally 
developed  on  the  inner  and  under  sides  of  the  cartilaginous 
capsule  of  the  organ — sometimes  replacing  the  cartilage  largely. 
It  rarely  has  a  plate  roofing  the  organ  in  part,  as  in  Snakes  and 
Ornithorhynchus.  As  regards  the  possession  of  mucous  glands 
and  a  peculiar  development  of  vascular  tissue,  the  organ  in  the 
Monotremata  is  essentially  mammalian,  and  bears  considerable 
resemblance  to  that  in  the  Marsupialia,  and  somewhat  less  to 
that  in  the  Eodentia. 


Comparative  Table  of  Belations  and  Accessories  of 

Jacohson's  Chyan. 
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I  might  add,  that  all  the  facts  in  the  above  table  are  the  result 
of  special  original  research. 
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EXPLANATION  OF  PLATE  IL 

Figs.  1-6.  Transverse  sections  of  snout  of  Echidna  near  the 
anterior  end  of  Jacobson's  organ,  x  10.  n.«,  nasal  septum;  p,c, 
"palatal''  cartilage;  a.n.t,  alinasal  turbinal;  o.a.n,  outer  moiety  of 
alinasal ;  p.m.x,  premaxUlary ;  a.n.p.c,  naso-palatine  canal,  anterior 
curve  at  entrance  to  Jacobson's  organ ;  a.n,  alinasal ;  r.a,n,  reflected 
portion  of  alinasal ;  n.p.c,  naso-palatine  canal ;  i.p.Cj  inner  moiety  of 
"  palatal "  cartilage ;  o.p.c^  outer  moiety  of  "  palatal "  cartilage ;  /.o, 
Jacobson's  organ. 

Fig.  7.  Transverse  section  of  snout  of  Omithorhynchus  in  region 
of  naso-palatine  canal,  x  24.  n.a,  nasal  septum  ;  d.b.h,  dumb-bell  bone ; 
gjy  glandular  tissue  i^t  base  of  nasal  valve;  o.p.c^  outer  moiety  of 
**  palatal "  cartilage  welded  with  the  alinasal ;  J.o^  Jacobson's  organ ; 
t.J'.o,  turbinal  of  Jacobson's  organ. 

Fig.  8.  Transverse  section  of  Jacobson's  organ  of  ripe  embryo  Gecko, 
X  48.     n.8y    nasal  septum ;  «.m^,   septo-maxillary ;    mx^  maxillary ; 
vOf  vomer ;  i./.o,  inner  part  of  Jacobson's  organ  cartilage ;  o.J.c,  outer 
pajrt  of  Jacobson's  organ  cartilage ;  J.o,  Jacobson's  organ. 

Pig.  9.  Anterior  part  of  palate  of  Omithorhynchus,  showing  relative 
size  and  position  of  Jacobson's  organ,  J.o.     Nat  size.     The  shaded 
portion  represents  the  turbinal. 
Fig.  10.  Ditto  of  Echidna,  x  3. 
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Fig.  11.  Transverse  section  of  Jacobson's  organ  in  Echidna,  x  50. 
n.8y  nasal  septum ;  n,  nerves ;  a,  arteries  ;  tJ.o,  turbinal  of  Jaoobson's 
organ ;  g^  glands ;  g.r,  glandular  ridge ;  d,g,  ducts  of  glands ;  r,  larg^ 
vein ;  Lc^  transitional  cartilage ;  v.p,  vessels  of  turbinal  plexus ;  p.p, 
palatine  plate  of  cartilage ;  c,e,  ciliated  epithelium ;  8.1,  sensory  layer; 
d.c.tf  dense  connective  tissue. 

The  dotted  structures  are  cartilages ;  the  shaded  parts,  bones. 


ADDENDUM. 


Appendix. — Since  sending  off  the  above   paper  I  have  had  the 
opportunity,  through  the  kindness  of  Prof.  Wilson,  of  consulting  Prof. 
W.  N.  Parker's  paper  referred  to  above,  but  of  which  I  had  only  seen 
hiB  notice  in  Nature.     In  this  paper  Prof.  Parker  has  described  and 
beautifully  illustrated  by  sections  the  condition  of  the  nose  in  two 
stages  of  the  young  Echidna — measuring  respectively  along  the  dorsal 
curve  12'5  cm.  and  21*5  cm.     In  many  points  there  is  seen  to  be  a 
close  agreement  between  the  young  and  sudult  condition  of  parts,  whilst 
there  are  some  interesting  difference&     The  most  striking  peculiarity 
of  the  young  skull  is  the  great  development  of  the  cartilage  of  the 
nasal  floor  —  a  development   closely  resembling  the   condition   in 
Ornithorhynchus,  not  only  in  its  lateral  expansion,  but  also  in   its 
passing  between  the  upper  and  lower  parts  of  the  ossifying  premaxilla, 
as  Wilson  and  Martin  believe  almost  certainly  exists  in  the  young 
Platypus.     In  the  adult  the  great  development  of  the  premaxilla,  as 
will  be  seen,  not  only  obliterates  the  greater  part  of  the  nasal-floor 
cartilage,  but  completely  removes  the  alinasal  cartilage  from  the  con- 
nection with  the  nasal  floor  as  Parker  figures  in  the  young.     Further- 
more, this  portion  of  the  nasal-floor  cartilage  outside  the  naso-palatine 
canal  is  found  as  a  mere  rudiment,  which  might  readily  escape  the 
eye,  instead  of  the  broad  plate  seen  in  the  young  condition.     A  little 
behind  the  naso-palatine  canal,  where  the  inner  part  of  this  plate  has 
separated,  and  is  passing  below   Jacobson's  organ,  there  is  a  close 
similarity  between  the  adult  and  young  condition.     Parker,  I  find, 
agrees  with  my  observation  of  the  absence  of  ciliated  epithelium  on  the 
concave  side  of  Jacobson's  organ.     In  the  section  which  he  figures 
of  the  organ  in  the  young  Ornithorhynchus,  he  shoWs  a  thick  layer  of 
epithelium  on  the  concave  side,  showing  that  its  absence  in  the  adult 
is   either  due   to    accidental    detachment,   as  thought   possible    by 
Symington,  or  to  degeneration,  as  I  have  suggested.     This  same  sec- 
tion further  shows  the  cartilage  of  the  nasal  floor  distinct  from  the 
alinasal  cartilage,  as  I  have  assumed  probable  from  comparative  reasons. 

Tar  ALGA,  New  South  "Wales. 


THE  EFFECTS  UPON  THE  TESTES  OF  LIGATURE  OF 
THE  SPERMATIC  ARTERY,  SPERMATIC  VEINS,  # 
AND  OF  BOTH  ARTERY  AND  VEINS.  By  Joseph 
Griffiths,  M.A-  (Cantab.),  M.D.  (Edin.),  F.RC.S.  (Eng.), 
Assistant  to  the  Professor  of  Surgery y  University  of  Cwmhridgey 
and  Surgeon  to  Addenhrooke's  Hospital.    (Plate  III.). 

The  following  investigation  was  undertaken  with  the  view  of 
determining  the  structural  changes  that  supervene  in  the  testis 
of  an  animal  (dc^)  after  ligation  (1)  of  the  spermatic  artery ; 
(2)  of  the  spermatic  veins;  and  (3)  of  both  artery  and 
veins. 

In  the  dog,  for  instance,  the  vascular  arrangement  of  the 
testis  is  the  same  as  that  in  man ;  that  is,  there  is  a  long  and 
slender  spermatic  artery  which  goes  to,  and  supplies  in  the  main, 
the  body  of  the  testis,  and  also  a  long  artery  to  the  vas  deferens 
which  supplies  the  greater  part  of  the  epididymis,  and  which,  at 
its  termination,  anastomoses  with  the  spermatic  artery,  and  so 
contributes  to  the  supply  of  the  body  of  the  testis ;  and  there 
is  a  large  pampiniform  plexus  of  veins  leading  out  of  the  body 
of  the  testis  and  up  the  spermatic  cord  into  the  abdomen,  as  in 
man. 

The  animals  used  were  healthy,  as  far  as  could  be  judged, 
both  the  vascular  arrangement  and  the  testis  being  normal  in 
each  case. 

The  testis,  as  is  well  known,  is  chiefly  made  up  of  seminal 
tubules,  which,  with  the  exception  of  a  thin  outer  covering  of 
connective  tissue  (membrana  propria),  are  composed  of  cells; 
and  these  cells  are,  in  the  adult,  actively  engaged  in  reproducing 
themselves,  and  in  the  production  of  the  most  specialised  and 
most  power-giving  cells  in  the  animal  world — the  spermatozoa. 
Accordingly,  the  testis  is  mainly  made  up  of  tubules  filled  with 
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actively  growing  cells,  which  are  chiefly  engaged  in  the  pro- 
duction of  other  and  more  specialised  cells.  Such  a  structure, 
it  may  be  supposed,  would  be  very  liable  to  alterations,  especi- 
ally in  the  power  of  the  seminal  cells  to  reproduce  one  another, 
and  still  more  in  their  power  to  produce  more  specialised  cells 
— the  spermatazoa — whenever  any  changes  occurred  in  the  vas- 
cular supply  to  the  organ  through  interference  with  the  arterial 
or  venous  currents. 


It  may,  perhaps,  be  of  interest  to  give  here  a  short  account  6f  the 
progress  of  our  knowledge  regarding  the  effect  of  vascular  derange- 
ments upon  the  testes  before  giving  the  results  of  any  experiments. 

Harvev  (1)  suggested,  and  in  one  instance  carried  into  practice, 
ligation  of  the  spermatic  artery  in  a  case  of  tumour  of  the  testis, 
thinking  that  atrophy  of  the  gland,  together  with  that  of  any  growth 
it  contained,  would  occur.  This  operation  was  followed  only  by  partial 
success,  owing,  we  now  know,  to  the  indomitable  power  of  the  cells 
in  new  growths.  This  practice,  no  doubt  rightly,  soon  fell,  if  it  ever 
gained  any  reputation,  into  disuse^ 

Harvey's  idea  that  atrophy  of  the  testis  would  result  upon 
closure  of  the  spermatic  artery  received  a  striking  confirmation  many 
years  afterwards,  when  Wardrop  (2)  observed  that  atrophy  of  both 
testes  occurred  in  a  man  of  middle  age  during  the  progress  of  an 
aneurysm  of  the  abdominal  aorta,  in  which  the  orifices  of  the  sper- 
matic arteries  became  blocked.  The  dwindled  state  of  the  testes  was 
referred  to  interference  with  the  flow  of  blood  along  the  spermatic 
arteries,  and  to  the  inefficiency  of  any  collateral  circulation  to  ade- 
quately supply  arterial  blood  to  the  glands.  I  am  not  aware  that  a 
similar  case,  unilateral  or  bilateral,  has  since  been  observed  ;  and  the 
view  that  atrophy  of  the  testis  results  after  ligation,  or  blockage 
by  disease,  of  the  spermatic  artery  rests  solely  upon  Wardrop's 
case. 

Sir  AsTLEr  Cooper  (3),  who  was  the  first  to  investigate  by  experi- 
ment the  effect  upon  the  testis  of  ligation  of  the  blood-vessels  in  the 
spermatic  cord,  on  one  occasion  ligated  the  spermatic  cord  (all  its  struc- 
tures included)  in  two  places,  and  divided  it  between  them.  Slough- 
ing and  gangrene  of  the  testis  followed.  Sir  Astley  seems  to  have  been. 
content  with  the  result  of  this  single  experiment.  Since  this,  sargeons, 
up  to  within  recent  years,  dreaded  tying  the  spermatic  artery  witli 
the  veins  in  cases  of  varicocele,  lest  sloughing  of  the  testis  should 
occur;  and  many  suggestions  have  been  made  from  time  to  time 
in  order  to  avoid  including  the  artery  with  the  veins  in  th.e 
ligature. 

A  few  years  ago^  Miflet  (4)  gave  an  account  of  experiments  be 
had  performed  upon  the  testes.  His  results  seem  to  show  that  the 
spermatic  artery  is  to  be  regarded  as  an  end,  or  terminal  artery  in  the 
sense  used  by  Cohnheim,  and  that  occlusion  of  the  artery,  either   by 
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ligation  or  by  emboli,  leads  to  hasmorrhagic  infarct  of  the  t-estis — the 
body  of  the  organ  only  being  affected.     This  state  of  infarction  is,  J 

according  to  this  writer,  characterised  by  great  swelling  and  tender-  i 

ness  of  the  gland.     The  swelling  lasts  from  a  few  days  to  a  week,  and 
then  gradually  subsides,  leaving  the  organ  much  reduced  in  size  and 
in  a  dwindled  state.     He  obtained  the  same  result  by  ligaturing  the 
spermatic  veins.     Thus,  whether  the  artery  or  the  veins  were  liga- 
tured, he  obtained  the  same  result,  namely,  hsemorrhagic  infarction 
of  the  body  of  the  testis,  followed  by  dwindling  and  atrophy  of  the 
gland.     But,  it  may  be  observed,  although  complete  interference  with 
either  the  arterial  or  the  venous  supply  in  healthy  dogs  seems  to  induce 
profound  changes  in  the  body  of  the  testis,  yet  it  would  seem  that  in 
man,  in  whom  varicocele  exists,  the  veins  of  the  pampiniform  plexus 
with  the  spermatic  artery  may  be  removed  for  a  considerable  length  of 
their  course  (3  inches)  with  impunity ;  that  is,  without  fear  of  setting  up 
subsequent  inflammation,  atrophy,  or  any  other  apparent  change  from 
the  normal    This  is  the  view  held  by  Koohbr  (5),  Annandale,  Bs^ynbt 
(6),  Treves  (7),  and  others.     Treves  says  "  that  ligation  of  the  artery 
with  the  veins  gives  rise  neither  to  sloughing,  intense  inflammation, 
nor  atrophy  of  the  testicles."     But  it  cannot  be  said  that  this  is 
invariably  the  case,  for  Jagobson  (8)  gives  an  account  of  the  case  of 
a  lad  in  whom  severe  inflammation  and  gangrene  of  the  testis  fol- 
lowed upon  ligation  of  the  spermatic  veins  only,  there  being  no  sup- 
puration or  septic  changes  in  the  wound. 

Thus  the  results  of  surgical  experience  do  not,  apparently,  agree 
with  those  of  the  experiments  performed  by  Miflbt  (4),  and  to  this 
Kocher  draws  attention ;  and  Kogber  (5)  goes  on  to  say  that  the 
restdts  obtained  in  animals  (dogs)  are  not  applicable  to  man.  If, 
however,  the  vascular  arrangement  of  the  testis  be  the  same  in  man 
as  in  the  dog,  as  in  reality  it  is,  it  is  difHcult  to  understand  why  the 
results  obtained  in  man  and  those  obtained  in  the  dog  should  differ. 
It  must  be  remembered,  however,  that  in  a  case  of  varicocele  in  man 
the  circulation  in  the  testes  may  have  been  for  some  time  interfered 
withy  though  it  must  be  said  that  as  yet  we  have  no  evidence  that  it 
does  90,  or  if  it  does,  of  the  manner  in  which  that  interference  takes 
place,  and  no  knowledge  of  how  the  different  vessels  comport  them- 
selves under  the  altered  conditions.  Possibly  neighbouring  veins 
may  enlarge  to  relieve  the  engorgement  of  those  in  the  pampiniform 
plexus,  and  thereby  would  arise  a  collateral  venous  circulation. 

The  results  of  my  experiments,  some  of  v^hich  were  performed 
on  full-grown  animals  and  some  on  puppies,  will  be  given  under 
the  following  headings :'— - 

1.  Ligation  of  spermatic  artery. 

2.  „  „        veins. 

3.  „  „        artery  and  veins. 
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I.  Ligation  of  thb  Spermatic  Artery. 

In  order  to  expose  and  tie  this  artery,  it  is  necessary  to  reach 
the  spermatic  cord  as  high  in  the  inguinal  canal  as  possible,  for 
I  find  it  is  quite  useless  to  attempt  to  find  the  artery  in  the 
midst  of  the  plexus  of  spermatic  veins,  which,  as  is  well  known, 
is  large  below  or  near  the  testis,  and  gradually  diminishes  as  it 
proceeds  upwards,  until,  at  the  internal  ring,  it  is  represented 
only  by  two,  or  it  may  be  three,  veins.  Among  these  latter 
the  small  artery  may  be  seen,  and,  with  care,  separated  and  tied. 
The  artery,  in  the  majority  of  the  following  experiments,  was 
secured  at  this  spot,  namely,  high  up  in  the  inguinal  canaL  In 
each  experiment  morphine  and  chloroform  were  administered, 
and  anaesthesia  throughout  maintained ;  and  aU  antiseptic  pre- 
cautions were  used  in  order  to  secure  an  aseptic  state  of  the 
wound  and  quick  healing. 

Experiment  L — A  black-and-tan  terrier,  about  2  years  old.  On 
November  13th,  1890,  while  the  animal  was  under  the  combined 
influence  of  chloroform  and  morphine,  the  right  spermatic  artery  was 
tied  with  a  sterilised  silk  ligature.  On  the  following  day  (November 
14th)  the  testis  was  softer  and  smaller  than  its  fellow,  the  left.  On 
November  15th,  the  second  day  after  the  ligation,  when  the  animal 
was  killed,  the  testis  was  much  smaller  and  softer,  and  of  a  bluish 
appearance,  although  the  veins  were  not  engorged.  This  testis,  rights 
measured  20  mm.  in  length  by  13  mm.  in  breadth ;  whereas  the  left 
measured  30  mm.  in  length  by  20  mm.  in  breadth  (see  fig.  1).  Under 
the  microscope  the  seminal  tubules  were  seen  to  be  greatly  reduced  in 
number,  and  the  majority  of  them  much  reduced  in  size,  many  not 
exceeding  half  their  natural  diameter.  In  large  areas,  but  not  uni- 
formly throughout  the  gland,  the  seminal  tubules  were  widely  separated 
from  one  another  by  increase,  which  was  in  the  main  relative,  of  the 
intertubular  connective  tissue,  caused  by  infiltration  with  fibrin  and 
white  blood  corpuscles  (see  fig.  2).  In  these  areas  the  seminal 
tubules  were  most  markedly  changed,  the  spermatozoa  having  com- 
pletely disappeared,  and  the  spermatogenetic  cells  being  either  in  a  state 
of  necrosis  or  being  represented  by  small  closely-packed  round  cells  (see 
fig.  2).  In  the  remaining  portions  the  seminal  tubules,  though  reduced 
in  size  and  changed  in  their  internal  structure,  were  not  widely  sepa- 
rated from  one  another,  and  the  intertubular  connective  tissue  was  not 
infiltrated  with  fibrin,  but  merely  increased  relatively.  In  these 
seminal  tubules  the  spermatozoa  were  absent,  and  the  greater  number 
of  the  spermatogenetic  cells  were  also  absent,  their  place  being  taken  by 
large  epithelial  cells  with  much  clear  protoplasm,  which  contained  many 
minute  granules  of  fat  that  stained  black  with  osmic  acid.     There 
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were  also  large  multi-nucleated  cells,  evidently  formed  by  the  fusion  of 
the  degenerated  epithelial  cells  (see  figs.  3  and  4).  In  the  inter- 
tubular  connective  tissue  the  capillaries  were  large  and  numerous,  but 
only  a  few  connective-tissue  cells,  some  of  which  were  granular  and 
showed  fat-granules.  The  venous  channels  of  the  tunica  vasculosa  were 
enlarged. 

Experiment  IL — A  fox-terrier,  3J  years  old.  On  February  15th, 
1895,  the  dog  being  under  the  influence  of  morphine  and  chloroform, 
the  left  spermatic  artery  was  ligatured  with  sterilised  silk.  On  the 
following  day  the  body  of  the  left  testis  was  somewhat  smaller  and 
softer  than  that  of  the  right.  On  February  20th,  1895,  the  dog  was 
killed,  when  the  left  testis  was  found  decidedly,  though  not  markedly, 
smaller  than  the  right,  and  it  was  soft  and  bluish  from  engorgement 
of  the  veins  in  the  tunica  vasculosa. 

Under  the  microscope,  the  seminal  tubules  were  found  to  be  only 
slightly  diminished  in  size,  and  there  was  but  little  increase  in  the 
intertubular  connective  tissue,  and  there  was  an  absence  of  fibrinous 
infiltration.     In  the  greater  number  of  the  tubules  the  spermatozoa, 
and,  indeed,  the  spermatogenetic  cells,  had  disappeared,  but  in  a  few  of 
the  tubules  the  heads  of  the  spermatozoa,  huddled  together,  could  still 
be  distinctly  seen.     In  the  old  tubules  in  which  the  spermatozoa  had 
disappeared,  there  was  the  usual  single  and  continuous  layer  of  small 
cubical  cells  lining  the  tunica  propria;  but  within  this  layer  the 
spermatogenetic  cells  were  replaced  by  irregular-shaped  masses  of  homo- 
geneous substance,  evidently  the  result  of  glassy  transformation  and 
fusion  of  the  degenerated  spermatogenetic  cells.      Between  these 
masses  there  were  cells,  the  protoplasm  of  which  was  swollen  or  very 
granular.     The  remaining  cells  were  in  a  state  of  fatty  degeneration, 
the  fat  being  in  the  form  of  very  minute  granules.     In  the  inter- 
tubular connective  tissue,  which  in  this  instance  was  not  much  increased, 
the  lymph  spaces  were  distended  with  spindle-shaped  cells  loaded  with 
fine  fat-granules.     Veins  in  tunica  vasculosa  much  distended. 

The  left  testis,  which  was  left  undisturbed,  was  of  natural  structure, 
and  in  the  seminal  tubules  spermatogenesis  was  going  on,  and  sper- 
znatozoa  were  abundant. 

Experiment  III, — A  fox-terrier,  3  to  4  years  old.     On  January 

27th,  1895,  the  animal  being  under  the  influence  of  morphine  and 

chloroform,  the  right  spermatic  artery  was  tied  high  up  in  the  inguinal 

canal.     On  the  following  day  (January  28th)  there  was  no  swelling  and 

no  tenderness  of  the  corresponding  testicle.     In  the  course  of  the  next 

two  days  the  body  of  the  testis  became  softer  and  smaller  than  natural. 

On  February  9th,  1895,  thirteen  days  after  the  operation,  the  dog  was 

killed.     The  right  testis  was  diminished  in  size,  measuring  28  mm.  in 

length  by  17  mm.  in  width,  soft  and  bluish,  from  turgidity  of  the 

veins,  whereas  the  left,  which  was  natural,  measured  30  mm.  in  length 

by  25  mm.  in  breadth,  the  usual  size  of  a  testis  in  a  fox-terrier.     The 

epididymis  was  small  though  natural,  and  the  tunica  vaginalis  was 

normal,  showing  no  traces  of  previous  inflammation. 

The  seminal  tubules  were  much  reduced  in  size  and  in  number,  and 
widely   separated  by  increase,  in  the  main  relative,   of  the  inter- 
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tubular  connective  tissue,  which  was  not  much,  if  «t  aU,  infiltrated 
with  coagulated  fibrin,  bat  was  mainly  composed  of  spindle^faaped 
connective-tissue  cells,  many  of  whidi  were  filled,  and  it  may  be  said 
loaded,  with  fine  granules  of  fat.  In  the  seminal  tubules,  that  were 
much  reduced  in  size,  the  epithelial  cells  were  few  in  number,  with  a 
large  amount  of  protoplasm  with  granules  of  fat ;  in  others  the  epithelial 
cells  were  represented  by  small  irregularly-shaped  cells,  which  also  con- 
tained in  their  protoplasm  many  fat-granules ;  and  in  others  there  were, 
in  addition  to  the  fatty  degenerated  epithelial  cells,  remains  of  sper- 
matozoa in  the  middle  of  the  tubules.  Thus  the  epithelial  cells  of  the 
tubules  had  undergone  fatty  degeneration,  and,  presumably,  after  dis* 
solution  of  the  protoplasm  of  the  cells,  the  fat-granules  escaped,  and 
were  by  some  means  conveyed  into  the  lymph  stream  of  the  intei^ 
tubular  connective  tissue,  and  thence  into  the  general  circulation. 
Similar  changes  were  taking  place  in  the  newly-formed  connective- 
tissue  cells  in  the  intertubular  stroma. 

Experiment  IV, — A  fox-terrier,  about  2  years  old.  On  October 
16th,  1890,  while  the  animal  was  uqder  the  influence  of  morphine  and 
chloroform,  the  right  spermatic  artery  was  tied  with  sterilised  silk 
ligature.  On  the  following  day  (17th)  the  testis,  right,  was  distinctly 
smaller  and  softer  than  its  fellow,  the  left,  which  was  normal  On 
the  20th  the  testis  swelled  greatly  and  became  tender  without  any 
apparent  cause ;  this  swelling  soon  subsided.  But  on  the  23rd  the 
swelling  was  somewhat  greater.  After  this  the  organ  steadily 
diminished  in  size.  On  November  1st,  fifteen  days  after  ligation  of 
the  spermatic  artery,  the  dog  was  killed.  The  right  testis  was  smaller 
than  the  left,  the  former  measuring  27  mm.  in  length  by  16  mm.  in 
breadth,  and  the  latter  30  mm.  in  length  by  18  mm.  in  breadth, 
and  the  seminal  tubules  were  very  indistinct,  as  if  they  had  fused 
with  one  another.  The  right  epididymis,  as  well  as  the  tunica  vaginalis, 
was  quite  natural,  and  showed  no  signs  of  inflammation,  and  tihere 
were  no  evidences  that  either  had  participated  with  the  body  of  the 
testis  when  it  swelled  two  days  after  the  operation. 

The  seminal  tubules  were  of  small  size,  and  widely  separated  by 
the  relatively  increased  intertubular  connective  tissue,  which  was  in 
many  parts  infiltrated  with  coagulated  fibrin.  The  epithelial  ceUa  of 
the  tubules  were  small  and  irregular  or  polygonal  in  shape,  with 
round  indistinct  nuclei  and  highly  granular  protoplasm  containing 
many  minute  globules  of  fat ;  these  altered  cells  were  very  numerous, 
quite  filling  the  interior  of  the  tubules.  Among  them  were  a  feir 
large  multi-nucleated  cells  with  granular  protoplasm,  evidently  l^e 
result  of  fusion  of  the  degenerated  epithelial  cells.  There  was  no 
trace  of  spermatogenesis  in  these  cells,  and  there  were  no  spermatozoa 
in  the  interior  of  the  tubules.  In  some  tubides,  however,  spermatozoa, 
apparently  unaltered,  were  present  in  the  lumina,  although  the  aper- 
matogenetic  cells  were  altered,  and  in  a  state  of  fatty  degeneration. 
Many  tubules  were  so  reduced  in  size  as  to  be  hardly  recognisable, 
these  being  occupied  by  a  few  irregularly-shaped  epithelial  cells.  The 
tunica  propria  of  the  tubules  was  not  altered,  but  it  had  become 
fused  with  the  surrounding  cellular  intertubular  connective  tissue. 
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The  intertubular  connective  tissue  was  much  increased,  the  increase 
being  relative  and  due  to  the  diminution  in  number  and  in  size  of  the 
seminal  tubules,  though,  to  some  extent,  it  may  have  been  due  to  the 
fonnation  of  new  tissue.  It  was  composed  of  numerous  connective-tissue 
cells,  most  of  which  were  small  and  round,  and  a  few  elongated  and 
spindle-shaped  cells  loaded  with  fat-granules  and  globules,  between 
which  a  little  fibrous  matrix  had  been  formed.  Near  the  periphery  of 
the  gland,  that  is,  under  the  tunica  albugiuea,  the  connective  tissue 
was  less  cellular  and  more  fibrous  than  elsewhere. 

The  right  epididymis  was  natural,  but  the  tubules  were  small  and 
contracted,  and  the  secretion  in  the  interior  devoid  of  spermatozoa. 

ExperimeTd  V, — Fox-terrier,  1^  years.  Testicles  full  grown.  On 
December  24th,  1894,  chloroform  and  morphia  being  administered, 
the  right  spermatic  artery  was  tied  with  a  silk  ligature  high  up  in  the 
inguinal  canal.  On  the  following  day  the  wound  was  slightly  tender, 
but  the  testicle  was  not  enlarged.  On  the  third  day  (December  27th) 
the  testicle  was  smaller  and  softer  than  its  fellow  (the  left)  on  the 
opposite  side.  A  fortnight  after  (January  7th,  1895)  the  testicle  was 
drawn  up  into  the  groin,  and  was  only  about  half  its  natural  size  and 
soft.  On  February  6th,  1895,  forty-four  days  after  the  bperation, 
the  dog  was  killed.  The  artery  was  found  securely  ligatured. 
The  testicle  was  small,  its  body  measuring  20  mm.  in  length  by 
15  mm.  in  breadth,  with  the  veins  in  the  tunica  vasculosa  somewhat 
turgid  and  prominent.  The  seminal  tubules  could  not  be  discerned 
uor  disentangled  as  in  the  normal  organ.  The  epididymis  was  small, 
but  otherwise  natural ;  and  there  were  no  traces  of  previous  inflam- 
mation in  the  tunica  vaginalis. 

Under  the  microscope  the  seminal  tubules  were  found  reduced  in 
size  and  number,  and  widely  separated  from  relative  increase  of  the 
iutertubular  connective  tissue.  In  the  tubules,  which  were  about 
half  their  natural  size,  the  seminal  cells  were  represented  by  a  continu- 
ous layer  of  small  cells  at  the  periphery,  and  by  irregularly-shaped 
cells  in  the  centre  (see  ^g.  5).  The  central  cells,  which  were  large, 
and  which  contained  one  or  more  nuclei,  had  a  large  amount  of  proto- 
plasm, in  which  there  were  numerous  fat-granules  (fig.  6) ;  this  fatty 
change  was  less  marked  in  the  cells  at  the  periphery.  There  were  no 
traces  of  spermatogenetic  cells  nor  of  spermatozoa  in  any  of  the 
tubules.  In  some  of  the  seminal  tubules  there  were  no  central  cells  at 
all,  their  place  being  taken  by  granular  protoplasm  containing  remains 
of  degenerated  cells  (see  fig.  7).  The  iutertubular  connective  tissue 
was  composed  of  fibrous  connective  tissue,  in  which  there  were  many 
dilated  capillaries,  and  in  which  there  were,  occupying  the  lymph  spaces 
which  were  dilated  to  a  very  large  size,  many  large  spindle-shaped  cells 
loaded  with  fat-granules  (see  fig.  5).  Thus,  in  the  seminal  tubules 
the  central  cells  were  in  a  state  of  extreme  fatty  degeneration,  and  in 
the  lymph  spaces  in  the  iutertubular  connective  tissue  there  were 
numerous  large  cells  loaded  with  fat-granules.  No  doubt  the  diminu- 
tion in  size  of  the  seminal  tubules  was  brought  about  in  great 
measure  by  a  process  of  fatty  degeneration  of  the  central  or  spermato- 
genetic cells ;  and  it  would  seem  probable  that  after  the  disintegration 
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of  the  protoplasm  of  these  cells  the  fat-granules  find  their  way  into 
the  lymph  spaces  of  the  adjacent  connective  tissue,  where  they  aie 
taken  up  hy  the  wandering  and  other  cells  in  the  lymph,  in  order, 
it  may  be,  to  be  conveyed  into  the  circulation,  and  there  disposed 
of. 

The  tubules  in  the  upper  end  of  the  epididymis  were  natural,  but 
small,  contracted,  and  empty. 

The  left  testis,  which  had  been  undisturbed,  was  natural,  of  full 
size,  and  in  the  seminal  tubules  the  formation  joi  spermatozoa  was 
going  on  as  usual. 

JEhperiment  VL — A  fox-terrier,  IJ  years  old.     On  October  30th, 
1890,  the  right  spermatic  artery  was  tied  with  sterilised  silk  ligature. 
On  November  1st,  1890,  the  testicle,  right,  was  somewhat  swollen 
and  tender.     On  November  5th  it  was  much  in  the  same  state.     On 
November  10th  it  was  reduced  in  size  and  was  tender.      The  epidi- 
dymis was  hardly  discernible.    The  organ  continued  in  this  state.    On 
January  22nd,  1891,  the  dog  was  killed.     The  right  testis,  the  sper- 
matic artery  of  which  was  tied  eighty-four  days  previdtisly,  was  much 
reduced  in  size,  measuring  22  mm.  in  length  by  15  mm.  in  breadth ; 
whereas  the  left  testis,  which  was  pormal,  measured  30  mm.  in  length 
by  18  mm.  in  breadth  (see  fig.  8).      The  body  of  the  right  testis 
was  more  globular  than  natural,  soft,  and  its  internal  structure  was 
indistinct,  the  seminal  tubules  being  indistinguishable  from  the  sur- 
rounding tissue.     The  epididymis  was  correspondingly  reduced,  but 
otherwise  unaltered.    Under  the  microscope  the  seminal  tubules,  which 
were  more  widely  separated  than  natural  by  relative  increase  of  the 
in tertubular. connective  tissue,  were  of  different  sizes,  some  being  very 
small,  and  others  as  large,  if  not  larger,  than  those  in  the  normal 
testes.      In  the   tubules  that   were  much   reduced    the    epithelial 
cells  were  altered  to  small,  irregularly-shaped  celk,  with  relatively 
large  nuclei,  having  among  them   a  few  large  multi-nucleated  cells 
with  a  large  amount  of  highly  granular  protoplasm.     In  none  of  these 
cells  were  there  any  evidences  of  spermatogenesis,  nor  were  there  any 
spermatozoa  in  the  interior  of  these  tubules.     In  the  majority  of  the 
larger  tubules,  the  epithelial  cells  were  of  the  same  character,  but 
more  numerous;  among  them  there  were  a  greater  number  of  the 
large  multi-nucleated  cells,  and  in  these,  as  in  the  smaller  tubules, 
there  were  no   evidences  of  spermatogenesis  in  the  cells,   and  no 
spermatozoa  in  the  tubules.     In  none  of  the  tubules  was  the  tunica 
propria  altered  or  thickened.     There  were,  howeve^a  few  of  the 
large  tubules  in  which  there  were  evidences  of  spermatogenesis  and  of 
spermatozoa  formed  in  the  usual  manner  in  their  interior.      The&e 
latter  tubules  seemed  as  if  they  were  tubules  that  had  recovered  their 
power  of  producing  spermatozoa,  and  it  may  be  that  the  large  tubules 
above  described  are  in  an  earlier  stage  towards  complete  recovery. 

The  intercellular  connective  tissue  was  increased,  and  was  com- 
posed mainly  of  fibrous  tissue,  with  a  few  spindle-shaped  and  small, 
round,  connective-tissue  cells  scattered  through  it.  There  were  no 
fatty  degenerated  cells  either  in  the  tubules  or  in  the  intertubular 
connective  tissue. 


LIGATURE  OF  THB  SPEBMATIC  VESSELS.  89 

Thus,  in  this  instance,  there  were  (1)  atrophied  tubules  which  had 
not  recovered ;  (2)  tubules  which  were  probably  in  process  of  regaining 
their  natural  structure;  and  lastly,  (3)  tubules  which  were  normal,  and 
at  the  time  of  death  producing  spermatozoa. 

Before  leaving  this  subject,  which  deals  with  the  effects  of 
ligature  of  the  spermatic  artery  upon  the  structure  of  the  testis, 
it  may  be  of  interest  to  give  the  effect  of  obliteration  of  both 
the  spermatic  and  the  deferential  arteries.  I  will  give,  briefly, 
the  result  of  one  such  experiment : — 


lAgaiure  of  Spermatic  Artery  and  of  the  Artery  to  the  Vas 

Deferens, 

Experiment  VIL — A  collie  dog,  1  year  old.  T^ticles  large  and 
fully  developed.  On  February  21st,  1895,  when  the  animal  was  under 
the  influence  of  morphine  and  chloroform,  the  left  spermatic  artery  and 
the  artery  to  the  left  vas  deferens  were  ligated.  On  the  following 
day  there  was  no  obvious  swelling  or  other  change  in  the  body  of  the 
testis,  but  it  was  tense  and  somewhat  tender.  Very  little  change 
took  place  until  the  dog  was  killed  on  February  26th,  five  days  after  the 
operation.  The  left  testis  was  of  nearly  natural  size,  tense,  and  of  a 
dark-bluish  colour,  from  engorgement  of  the  small  veins.  On  section 
the  seminal  tubules  could  not  be  seen,  as  the  substance  of  the  organ 
was  much  infiltrated  with  blood,  which  in  some  parts  was  undergoing 
a  change  of  colour.  Under  the  microscope  the  semiual  tubules  we^e 
seen  to  be  much  reduced  in  size,  and  widely  separated  from  one 
another  by  much  infiltrated  intertubular  connective  tissue.  In  some 
of  the  seminal  tubules  the  epithelial  cells  had  fused  together  to  form 
a  glassy,  transparent,  structureless  mass,  having  near  the  centre  many 
minute  fat-granules.  The  individual  cells  in  these  tubules  could  not 
be  distinguished,  nor  could  any  of  their  nuclei  be  made  out^  either  with 
or  without  staining  reagents.  In  other  tubules,  which  were  the  most 
numerous,  the  epithelial  cells  were  considerably  reduced  in  number, 
and  contained  in  their  protoplasm  numerous  minute  fat-granules.  The 
spermatozoa  hacftlisappeared,  and  the  natural  arrangement  of  spermato- 
genetic  cells  was  absent  (see  fig.  9).  The  intertubular  connective  tissue 
was  in  parts  much  infiltrated  with  extravasated  blood  and  coagulated 
fibrin,  and  with  small  round  cells,  which  were  in  the  majority  of  places 
simply  loaded  with  fat-granules.  In  some  parts  there  were  large  con- 
nective-tissue ceUs,  filled  with  fat-granules  occupying  the  dilated  lymph 
channels. 
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Ligation  of  Spermatic  Artery  in  Dogs. 


No. 


II. 


III. 


Age. 


271*. 


3|  yn. 


8to4 
yean. 


IV. 


V. 


VI. 


2yn. 


Nature  of 
Operation. 


Ligation  of 
Bight  Sp. 
Artarr. 


Ligation  of 
Left  8p. 
Artery. 


Ligation  of 
Right  8p. 
Artery. 


Date. 


Uyra. 


Uyrs. 


Ligation  of 
Right  Sp. 
Artery. 


Ligation  of 
Right  Sp. 
Artery. 


Ligation  of 
Right  Sp. 
Artery. 


Not.  18, 
1890. 


Feb.  15, 
1895. 


Animal 
killed. 


Nov.  16, 
1890. 


Feb.  20, 
1895. 


Jan.  27. 
1896. 


Oct  16, 
1890. 


Dee.  21, 

1894. 


Feb.  9, 
1896. 


Time 
kept 
alive. 


2  days. 


5  days. 


Besolta. 


18  days. 


Nov.  1, 
189a 


15  days. 


Feb.  6, 
1895. 


Oct.  80, 
1890. 


44  days. 


Jan.  22, 
189L 


84  days. 


Great  diminntion  in  size  of  body 
of  testis,  which  was  at  deaw 
soft  ana  bloish.  Disappear^ 
ance  of  many  seminal  tubules 
from  rapid  degeneration  of 
seminal  cells,  &c. 

Diminntion  in  size  of  body  of 
testis,  which  was  soft  and 
bluish.  Destructive  changes 
not  nearly  so  marked  as  in 
Exn.  I.  Seminal  cells  altered, 
and  spermatogenesis  had 
ceased,  with  dlsappearaiioe  of 
spermatozoa  from  majorl^ctf 
tubules. 

Diminution  in  size  of  body  of 
testis,  which  was,  as  in 
Ezpe.  I.  and  IL.  soft  and 
bluish.  Seminal  tubules  re- 
duced in  size  and  number,  no 
spermatozoiL  and  seminal  oella 
In  a  markea  state  of  fatty  de- 
generation. 

Diminution  in  size  of  body  of 
testis.  Reduction  in  size  and 
number  of  seminal  tubules. 
No  spermatozoa.  Relative  in- 
crease  of  intertubular  connec- 
tive tissue,  which  was  infil- 
trated with  coagulated  fibrin. 
Fatty  change  in  epithelial 
cells  in  tubules  and  fatty  cells 
in  lymph  spaces. 

Diminution  In  size  of  body  of 
testis ;  small  and  soft  Re- 
duction in  size  and  number  of 
seminal  tubules.  Disappear^ 
ance  of  majority  of  spenuato- 
genetic  cells,  with  fatty  do- 
generation  of  rwnainder ;  rela- 
tive increase  of  intertubular 
connective  tissue. 

Body  of  testis  remained  smalL 
Seminal  tubules  partially  re- 
covered, spermatogenetic  cells 
being  more  numerous,  and  fai 
a  few  tubules  spermatozoa 
were  being  formed,  and  there 
were  some  free  in  the  tnterlor. 


Ligation  of  Spermatic  Artery  and  the  Artery  to  the  Vas  Deferens. 


VII. 


lyear. 


Ligation  of 
L.  Sp.  A., 
and  A.  to 
the  L.  Vas 
Deferens. 


Feb.  21, 
1895. 


Feb.  26, 
1895. 


5  days. 


fiody  of  testis  of  natnral  aiae, 
tense  and  engorged  wi^ 
venous  blood.  Great  destrac- 
tion  of  seminal  tubules,  and 
Infiltration  with  coagulated 
fibrin  of  intertubular  connec- 
tive tissue. 
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Besume. 

When  ihd  spermatic  artery  is  tied  in  the  groin  there  occurs, 
as  a  role,  diminution  in  the  si^e  of  the  body  of  the  testis.  Two  or 
three  days  after  ligation  of  this  artery  the  body  of  the  testis  is 
obviously  diminished  in  size,  and  it  is  found  softer  and  of  a 
bluish  colour,  presumably  from  sluggishness  of  its  venous  circu- 
lation, due  to  the  loss  of  the  vis  a  tergo  from  occlusion  of  the 
artery.  The  testis  becomes  small,  and  remains,  at  least  for  three 
montihs,  as  in  Exp.  VI.,  in  a  more  or  less  similar  state,  namely, 
soft  and  of  a  bluish  colour.  The  epididymis  becomes  somewhat, 
though  not  proportionately,  diminished  from  contraction  of  its 
tubules,  due  to  want  of  seminal  secretion  to  distend  them. 
No  inflammation  of  the  tunica  vaginalis  is  produced. 

During  the  first  few  days  after  ligation  of  the  spermatic  artery, 
tiie  epithelial  cells  in  the  majority  of  the  seminal  tubules, 
together  with  the  spermatozoa  and  the  spermatic  secretion, 
rapidly  disappear,  from  what  might  be  called  dissolution  of  the 
protoplasm  of  the  cells.  I  have  been  unable  to  trace  the  various 
steps  in  this  process,  and  am  unable  to  conjecture  what  really 
happens. 

While  the  seminal  tubules  are  undergoing  this  progressive 
diminution  in  size,  the  intertubular  connective  tissue  becomes 
relatively,  but  not  actually,  increased ;  and  here  and  there  con- 
siderable effusion  of  fibrin,  which  soon  coagulates  and  forms  a 
meshwork,  takes  place.  Into  this  iufiltrated  intertubular  con- 
nective tissue  leucocyte-like  cells  make  their  way,  and  soon 
replace  the  coagulated  fibrin.  In  portions  of  the  testis  no  dis- 
turbances take  place  m  the  intertubular  connective  tissue,  and 
in  these  parts,  perhaps,  the  most  striking  feature,  in  addition  to 
the  destructive  changes  in  the  seminal  tubules,  is  dilatation  of 
the  capillaries,  which  are  often  devoid  of  blood  corpuscles,  but 
which  are  filled  with  coagulated  structureless  material.  Accord- 
ingly, the  diminution  in  size  of  the  testis,  after  ligation  of  the 
spermatic  artery,  is  due  to  a  progressive  diminution  in  the  size  of 
the  seminal  tubules,  owing  to  the  dissolution  and  subsequent  dis- 
appearance of  the  spermatozoa  and  of  the  spermatogenetic  cells, 
the  nature  of  this  process  of  dissolution  being  obscure;  and  during 
this  process  of  dissolution  of  the  epithelial  cells  of  the  seminal 
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tubules  there  is  a  liability,  here  and  there,  to  the  effusion  of 
fibrin  into  the  intertubular  connective  tissue,  which  soon 
coagulates,  and  later  on  becomes  replaced  by  leucocyte-like  cells. 

After  some  weeks  the  epithelial  cells  of  the  tubules  may  be 
found,  as  in  Exp.  V.,  in  which  the  testis  was  examined  forty-four 
days  after  ligation  of  the  spermatic  artery,  to  be  in  a  state  of 
extreme  fatty  degeneration,  and  the  lymph  spaces  in  the  inter- 
tubular connective  tissue  occupied  by  large  spindle-shaped  cells 
loaded  with  fat-granules.  It  would  appear  that  the  epithelial  cells 
become  after  a  time  fatty  and  then  disintegrate,  it  may  be  by  a 
process  of  self-digestion,  the  fat-granules  being  set  free  and  taken 
up  by  the  lymph  stream,  where  they  are  at  once  devoured  or 
incepted  by  the  wandering  and  amoeboid  lymph  corpuscles,  which 
act  as  carriers  to  the  general  circulation. 

During  this  progressive  diminution  in  size  of  the  seminal 
tubules  they  lose  their  spermatozoa-producing  powers,  which,  as 
in  the  only  instance  in  which  I  kept  the  dog  alive  long  enough 
(three  months),  may  be  regained;  but  they  do  not  lose  that 
influence  which  the  testicle  exerts  on  the  body  generally,  and 
upon  the  maintenance  of  full  size  in  the  accessory  sexual  glands, 
— for  example,  the  prostate.  In  case  of  castration,  the  prostate 
gland  shows  (within  a  short  time)  signs  of  atrophy  of  the 
glandular  tubules.  But  in  case  of  ligation  of  the  spermatic 
artery,  followed  by  this  partial  dwindling  of  the  testis,  no  such 
atrophic  changes  arise  in  the  glandular  tubules.^ 

In  one  dog,  in  which  the  spermatic  artery  had  been  ligatured 
for  three  months,  and  in  which  the  testis  was,  soon  after  the 
appUcation  of  the  ligature,  reduced  to  a  small  size,  a  few  of  the 
seminal  tubules,  though  they  had  not  regained  their  natural  and 
full  size,  yet  contained  spermatogenetic  cells,  which  were,  at  the 
time  of  the  death  of  the  animal,  actively  engaged  in  the  pro- 
duction of  spermatozoa,  many  of  which  could  be  seen  occupying 

^  Therefore  ligation  of  the  spermatic  artery  would  not  be  sufficient  as  a  snbeti- 
tute  for  castration.  Indeed,  this  has  been  tried  in  the  horse  (see  WiUiazna' 
Veterinary  Medicine),  and,  through  want  of  success,  the  method  has  been 
abandoned.  In  the  human  subject,  ligation  of  the  spermatic  artery  has  been 
suggested  as  a  substitute  for  castration  in  men  suffering  from  enlargement  of  the 
prostate  gland  ;  but  as  the  testis  only  partially  dwindles,  and  as  its  power  of  pro- 
ducing spermatozoa  may  be  regained,  it  is  highly  improbable  that  the  prostate 
may  in  any  way  be  influenced. 
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the  lumina  of  such  tubules.  In  this  instance,  therefore,  it  is 
probable  that  the  seminal  cells  regained  their  power  of  producing 
spermatozoa,  and  thus  the  full  function  of  the  testis  would  be 
re-established. 

It  would  seem  that  after  a  time  collateral  circulation  through 
the  artery  to  the  vas  deferens  can  be  set  up,  and  that  this  is 
sufficient  to  prevent  complete  destruction  or  dissolution  of  the 
seminal  cells  in  the  seminal  tubules,  and  in  time  to  restart  the 
process  necessary  for  the  production  of  spermatozoa.  Thus  we 
may  say  that  ligation  of  the  spermatic  artery  in  dogs  produces 
great  diminution  in  the  size  of  the  seminal  tubules,  which  lose 
for  a  time  the  power  of  producing  spermatozoa,  but  which,  after 
a  time,  regain  that  power ;  and  although  the  testis  may  not 
reacquire  its  full  size,  yet  it  may  become  capable  of  again  pro- 
ducing the  spermatic  secretion.  When,  however,  the  artery  to 
the  vas  deferens  as  well  as  the  spermatic  artery  is  ligated,  then 
there  follows  in  some  parts  necrosis  of  the  epithelial  cells  in  the 
seminal  tubules,  and  in  others  great  destruction  and  ultimate 
disappearance,  through  a  process  of  fatty  degeneration  of  the 
seminal  cells, — such  a  destruction  as,  probably,  would  not  be 
followed  by  recovery,  as  is  the  case  after  ligation  of  the  sper- 
matic artery  alone. 

The  results  of  the  above  experiments  differ  widely  from  those 
obtained  by  Miflet  (1)  by  tying  the  spermatic  artery,  or  (2)  by 
embolism  of  the  same.  He  considers  the  spermatic  artery  to  be 
like  one  of  the  terminal  arteries  of  the  spleen,  the  blocking  of 
one  of  which  produces  a  typical  hsemorrhagic  infarction.  In 
hsemorrhagic  infarction  the  body  of  the  testis  would  become 
greatly  swollen  from  extravasation  of  blood,  and  would  subse- 
quently dwindle  to  a  small  mass  of  fibrous  connective  tissue,  in 
which  there  would  be  only  traces  of  the  seminal  tubules  and 
cells.  This  condition  can  be  readily  induced,  as  I  shall  show 
immediately,  in  full-grown  dogs  by  ligation  of  the  spermatic 
veins,  and  in  puppies  by  ligation  of  both  spermatic  artery  and 
veins,  but  not,  so  far  as  I  have  been  able  to  ascertain,  by  ligation 
of  the  si)ermatic  artery  cdone.  I  am,  therefore,  unable  to  agree 
with  Miflet  in  regarding  the  spermatic  artery  as  an  end  artery, 
nor  do  I  find  that  ligation  of  it  induces  anything  like  hsemor- 
rhagic  infarction  of  the  testis. 
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It  may  be  of  interest  to  observe  at  this  point  how  large  and 
how  numerous  are  the  lymph  spaces  in  the  intertubular  con- 
nective tissue  of  the  body  of  the  testis,  as  it  is,  I  think,  upon 
this  free  lymph  circulation  that  such  great  absorption  (as  was 
seen  in  Expe.  L,  V.,  and  VI.)  of  the  tubular  structure  of  the 
oi^an  dependsw  When  the  spermatic  artery  is  tied  the  testis 
may  during  the  first  forty-eight  hours  diminish  to  about  one-half 
its  natural  bulk  It  would  appear  that  the  absorption  takes 
place  through  these  lymph  spaces,  and  that  it  is  consequent 
upon  the  dissolution  of  the  epithelial  cells,  there  being,  prob- 
ably, a  lymph  current  from  the  iaterior  of  the  tubules  to  the 
lymph  spaces  at  the  periphery  in  the  intertubular  connective 
tissue.  This  view  is  strongly  supported  by  the  conditions  to  be 
seen  in  the  testis  a  few  weeks  after  ligation  of  the  spermatic 
artery.  In  Exp.  V.,  for  example,  the  epithelial  cells  in  tiie 
seminal  tubules  were  in  an  extreme  degree  of  fatty  degeneration, 
and  in  the  lymph  spaces  there  were  numerous  fat-granules,  some 
being  quite  free,  but  most  of  them  in  large  connective-tissue  cells, 
probably  carrying  or  tuandering  cells.  In  this  instance  it  is 
reasonable  to  suppose  that  the  epithelial  cells  in  a  certain  stage 
of  fatty  degeneration  undergo  complete  dissolution,  the  fat- 
granules  being  set  free  and  conveyed  by  the  lymph  stream  into 
the  lymph  spaces  aroimd  the  tubules,  where  they  would  be  eagerly 
devoured  by  the  wandering  or  carrying  cells,  always  present 
there.  These  wandering  cells,  loaded  with  fat-granules,  would 
then  become  conveyed  into  the  systemic  lymph  channels,  and 
ultimately  into  the  circulation,  where  both  cell  and  contained 
fat  would  be  disposed  of.  This  process  of  absorption  seems  to 
be  similar  to  that  which  I  have  described  as  one  of  the  chief 
processes  taking  place  during  the  disappearance  of  the  tadpole's 
tail,  while  metamorphosis  from  tadpole  to  frog  m  taking  place 
(see  Joum.  of  Bad.  and  Path,,  vol.  iii.  p.  131). 

I  hope  on  a  future  occasion  to  give  the  results  of  instances  in 
which  a  larger  interval  has  intervened  between  the  ligation  of 
the  spermatic  artery  and  the  death  of  the  animal,  and  more 
particuleurly  with  reference  to  the  recovery  of  the  spermato- 
genetic  power  :  also  of  other  examples,  in  which  the  deferential 
artery  as  well  as  the  spermatic  has  been  tied. 


LI6ATUBS  OF  THE  SPERMATIC  VESSELS.  95 


II.  Ligation  of  the  Spermatic  Veins. 

Just  as  in  the  case  of  the  spermatic  artery,  the  veins  can 
only  be  successfully  ligated  separately  if  exposed  well  up  in  the 
inguinal  canal,  where  they  are  only  two  to  three  in  number,  and 
where  they  can,  with  comparative  ease,  be  separated  from  the 
spermatic  artery,  which  runs  in  intimate  relation  to  them.  As 
the  result  of  the  following  experiment,  which  is  the  only  one  of 
its  kind  I  performed,  agreed  with  the  results  of  previous  workers 
(Mifiet,  among  others),  it  seemed  hardly  worth  while  to  perform 
others. 

*Experiment  VIIL — A  large  sheep-dog,  from  3  to  4  years  old.  On 
June  20th,  1890,  while  the  animal  was  under  the  influence  of  mor- 
phine and  chloroform,  the  right  spermatic  veins  were  tied  with  steril- 
ised silk  ligature.  On  the  following  day  the  right  testis  was  much 
swollen,  tense  and  tender,  the  skin  of  the  scrotum  being  dusky  and 
oedematous,  with  largish  veins  visible  in  it.  After  the  third  day  this 
swelling  began  to  subside,  which  it  did  rapidly.  On  July  1st,  1890, 
eleven  days  after  the  operation,  the  animal  was  killed. 

The  right  testis  was  large,  and  measured  30  mm.  in  length  by  28 
mm.  in  breadth,  the  left  being  30  mm.  in  length  by  24  mm.  in 
breadth.  It  (right)  was  almost'  globular  in  shape,  of  a  bluish  appear- 
ance, and  firm  in  consistency.  The  tunica  vaginalis  was  normal.  On 
section  of  the  gland  the  seminal  tubules  could  not  be  distinguished, 
the  structure  being  more  or  less  uniform,  and  in  it  there  were  small 
irregular  patches  of  discoloured  blood,  as  if  the  result  of  haemorrhages. 
Under  the  microscope  the  seminal  tubules  were  widely  separated  from 
one  another  by  intertubular  connective  tissue,  which  was  much  infil- 
trated with  coagulated  fibrin  and  white  and  red  blood  corpuscles.  In 
the  seminal  tubules,  none  of  which  presented  the  normal  structure,  the 
spermatogenetic  cells  were  replaced  by  small  round  cells  of  different 
sizes  (see  fig.  10).  The  protoplasm  of  these  small  cells  was  some- 
what glassy,  though  not  transparent^  and  it  reacted  indifferently  to 
staining  reagents,  just  as  the  protoplasm  of  cells  that  are  undergoing 
the  process  of  necrosis ;  the  nuclei  were  obscured,  and  also  did  not 
stain.  In  many  of  the  tubules,  some  of  these  altered  cells  had  fused 
together  to  form  an  irregularly-shaped  mass  of  non-nucleated  and 
structureless  protoplasm ;  but  in  a  few  of  these  some  remains  of  sperma- 
tozoa were  still  to  be  detected  among  the  altered  cells  occupying  the 
centres  of  the  tubules.  There  were  in  some  of  the  tubules  extravasated 
red  blood  corpuscles,  due  to  minute  haemorrhages.  The  tunicae  pro- 
prias  of  the  tubules  were  not  thickened,  but  they  were  merged  with, 
and  indistinguishable  from,  the  surrounding  connective  tissue.     The 

*  This  and  other  ezporiments  prefixed  with   aa    asterisk  were  performecl, 
throng  tho  kindness  of  Prof.  Dastre,  in  his  laboratory  in  the  Sorbonne»  Paris. 
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intertubular  connective  tissue  was  much  infiltrated  with  fibrin, 
which  had  coagulated  and  filled  the  interstices  of  the  normal  connec- 
tive tissue.  In  the  infiltrated  parts  were  numerous  red  blood  corpus- 
cles and  a  few  white,  the  former  already  showing  signs  of  disintegra- 
tion and  breaking  up  into  small  globules.  The  blood-vessels  were 
large  and  distended ;  many  of  them  were  filled  with  blood  and  coagu- 
lated fibrin.  The  veins  in  the  tunica  cUbuginea  were  universidly 
large  and  prominent,  and  it  may  be  that  to  the  presence  of  these 
distended  veins  the  bluish  appearance  of  the  organ  was  due. 

Ligation  of  the  Spermatic  Veins  in  Dogs. 


No. 

Age. 

Operation. 

Date. 

Animal 
killed. 

Time 
kept 
alive. 

Besnlt 

VIII. 

8to4 
yean. 

Bight    Sp. 
Veins  tied 
with  Bilk. 

June  20, 
189a 

Julyl, 
188a 

11  days. 

Great  swelling,  congestive  cya^ 
nosis  of  testes  and  scrotum. 
Destructive  changes  in  seminal 
tubules. 

Besum^, 

Ligation  of  the  spermatic  veins  in  a  full-grown  dog  leads  to 
great  swelling  and  congestion  of  the  body  of  the  testis,  which  is 
accompanied  by  oedema  and  enlargement  of  veins  in  the  scrotum. 
This  is  truly  a  hcemorrhagic  infarction  of  the  testes,  and  in  it 
the  epithelial  cells  of  the  tubules  undergo  necrosis,  in  which 
they  are  transformed  into  a  glassy  homogeneous  substance,  and 
the  intertubular  connective  tissue  becomes  greatly  infiltrated 
with  coagulated  fibrin  and  extravasated  blood,  the  latter  having 
also  found  its  way  into  the  interior  of  many  of  the  altered 
seminal  tubules.  This  is,  in  all  probability,  followed  by  trans- 
formation of  the  organ,  more  or  less  completely,  into  dense 
fibrous  connective  tissue,  in  which  remains  of  the  once  tubular 
structure  of  the  gland  may  be  seen  in  the  solid  rods  of  fibrous 
tissue  traversing  its  substance. 


III.  Ligation  of  Spermatic  Artery  and  Veins. 

(a)  In  Puppies. 

Experiment  IX. — A  young  fox-terrier,  about  6  months  old.     The 
testes  were  of  small  size  and  undeveloped.     On  December  6th,  1891^ 
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the  left  speripatic  artery  and  reins  were  tied  with,  ^sterilised  silk  liga* 
tore.     On  the  following  day  (7th)  the  left  testis  was  much  swollen, 
nearly  twice  as  large  as  its  fellow,  the  rights  which  was  left  undis- 
turbed.    The  swollen  state  of  the  testis  remained  until  the  10th,  four 
days  after  the  ligaturing  of  the  vessels,  when  the  animal  was  killed. 
The  left  testis  was  nearly  twice  as  large  as  the  right;  it  was  con- 
gested, and  of  a  bluish  colour.     On  section,  the  seminal  tubules  could 
not  be  discerned,  as  they  were  embedded  in  a  more  or  less  uniform 
mass  of  soft  reddish  tissue,  in  which  blood  had  been  e]ttravasated. 
The  epididymis  was  normal,  and  so  was  the  tunica  vagirudia.    Under 
the  microscope  the  seminal  tubules  were  much  reduced  in  size  and  in 
number,  and  widely  separated  by  an  infiltrated  intertubular  tissue. 
Many  of  the  tubules  were  filled  with  a  confused  mass  of  epithelial 
cells,  evidently  in  process  of  necrosis  ]  others  were  occupied  by  small 
round  cells.     The  intertubular  connective  tissue  was  much  increased, 
being  infiltiated  with  coagulated  fibrin,  and  in  places  with  extiava- 
sated  blood.    In  many  of  the  lymph  spaces  in  the  connective  tissue 
there  were  large  connective-tissue  cells,  with   a   large  amount  of 
protoplasm  filled  with  fat-granules  and  fat-globules  which  obscured 
the  nuclei.      The  tunica  alhuginea  was  thickened,  and  in  it  the 
vessels  were  unusually  dilated.     There  were  no  changes  in  the  epidi- 
dymis.    The  opposite  (right)  testis,  the  vessels  of  which  were  left 
undisturbed,  presented  the  natural  structure  of  a  testis  at  the  age  of 
6  months. 

Experiment  X, — A  fox-terrier,  from  5  to  6  months  old.  On  August 
10th,  1891,  while  the  animal  was  under  the  influence  of  morphine  and 
chloroform,  the  tight  spermatic  artery  and  veins  were  tied.  On 
August  11th  the  right  testis  was  swollen,  tense,  and  tender.  After 
three  or  four  days  the  swelling  began  to  diminish,  and  continued  doing 
so  until  the  organ  was  reduced  to  a  very  small  size  on  September 
13th,  1891,  when  the  animal  was  killed,  thirty-three  days  after  liga- 
tion of  both  artery  and  veins.  The  microscopic  as  well  as  naked- 
eye  appearances  of  this  testis  were  the  same  as  those  described  in 
detail  in  the  following  experiment^  and  therefore  they  need  not  be 
given  here. 

Experiment  XI. — A  black-and-tan  terrier,  from  3  to  4  months  old. 
The  testicles  were  small  and  undeveloped.  On  July  21st,  1891,  while 
the  animal  was  under  the  influence  of  morphine  and  chloroform,  the 
(rigTu)  spermatic  artery  and  veins  were  tied.  On  July  23rd  the 
(right)  testis  was  enlarged  and  tender.  In  this  state  it  continued  for 
some  days,  and  then  gradually  diminished  until  the  beginning  of 
October  (3rd),  when  it  was  felt  sa  a  smail,  hard  knot.  On  l^ovember 
28th,  1891,  18^  weeks  after  the  operation,  the  animal  was  killed. 
The  testis,  as  depicted  in  fig.  11,  was  very  small,  but  the  epididymis 
^was  relatively  large,  and  appeared  as  if  it  had  not  shared  at  all  in  the 
iliminution.  The  body  of  the  testis  was  firm  in  its  structure,  and  on 
section  the  seminal  tubules  could  not  be  seen.  The  tunica  vaginalis 
-was  natural.  Under  the  microscope,  the  testis  showed  that  the 
seminal  tubules  had,  in  the  centre  of  the  gland,  almost  entirely  dis- 
appeared,  though   near  the    periphery,   that  is,   under  the   tunica 
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albtiginea,  a  few  altered  tubules  were  still  seen.  Where  the  tubules 
had  entirely  disappeared,  the  organ  was  composed  of  dense,  fibrous 
connective  tissue,  traversing  which  were  numerous  cords  or  rods 
of  fibrous  tissue  disposed  differently  to  that  of  the  remainder  of  the 
gland ;  these  rods  of  fibrous  tissue  being  the  only  representatives  of 
the  seminal  tubules. 

Of  the  few  remaining  seminal  tubules  none  were  normal.  The 
largest,  which  had  a  tunica  propria  of  natural  thickness,  were  lined 
by  a  single  layer  of  tapering  cells  attached  to  the  wall  of  the  tubules 
at  their  base,  and  projecting  into  and  occupying  the  lumen. 

There  were  no  spermatogenetic  cells,  nor  were  there  any  traces  of 
spermatozoa.  The  smallest  tubules  were  represented  by  a  thin  tunica 
propria,  having  within  a  thick  layer  of  almost  transparent  connective 
tissue,  and  their  lumina  were  occupied  by  a  few  polygonal-shaped 
cells  huddled  together  (see  fig.  12). 

In  the  epididymis  the  tubules  were  small  and  empty,  and  the 
columnar  cells  lining  them  were  without  cilia ;  the  intertubular  con> 
nective  tissue  was  large  in  amount,  and  fibrous. 


Ligation  of  Spermatic  Artery  and  Veins  in  Puppy  Dogs, 


No. 

Age. 

Operation. 

Date. 

Animal 
killed. 

Time 

kept 

aUye. 

Result. 

IX. 

X. 
XI. 

6  mos. 

6to6 
mos. 

8to4 
mos. 

Left  Sp.  A. 
and  veins 
tied  with 
silk. 

Right    Sp. 
A.       and 
Veins  tied. 

Right    Sp. 
A.       and 
Veins  tied. 

Dec.  6, 
1891. 

Aug.  10, 
1891. 

Joly  21, 
1891. 

Dec  10th. 

Sept.  18, 
1891. 

Nov.  28, 
1891. 

4  days. 

88  days. 
128  days 

Great  swelling  of  testis,  with 
extravasation  of    blood  into 
connective  tissue,  and  great 
destruction  of  seminal  tubules. 

Similar  to  those  of  No.  11. 

Great  swelling  of  testis  followed 
great  atrophy,   with    almoat 
complete  destruction  of  the 
undeveloped  seminal  iubulea 

SesumS, 

Ligation  of  the  spermatic  artery  and  veins  is  in  puppies 
followed  by  great  swelling,  from  congestion  and  extravasation 
of  blood  in  the  body  of  the  testis,  which  gradually  subsides, 
and  the  body  of  the  testis  decreases  until  it  becomes  very  small 
The  epididymis  remains  more  or  less  normal ;  and  when  the  body 
of  the  testis  has  reached  its  ultimate  connective  size,  the 
epididymis  is  large,  and  much  out  of  proportion  to  it.  The 
body  of  the  testis  becomes  converted  into  a  small,  firm,  almost 
fibrous  lump,  which  retains  its  original  shape ;  but  the  epididy- 
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mis  is  large,  and  during  the  period  of  growth  this  testis  does 
not  keep  pace  with  its  fellow  of  the  opposite  side,  in  which  the 
parts  are  normal. 

Accordingly,  in  puppies,  ligation  of  the  spermatic  artery  and 
veins  is  followed  by  more  or  less  complete  destruction  of  the 
seminal  tubules  in  the  body  of  the  testis,  and  after  a  time  the 
testis  is  reduced  to  a  small  size,  and  is  incapable  of  growth,  as 
well  as  of  production  of  spermatozoa. 

This  condition  of  the  testis,  produced  experimentally  in  dogs 
with  comparative  ease  and  with  certainty,  resembles  two  morbid 
states  which  are  known  to  occur  in  the  human  subject. 

In  the  first  place,  the  testis  of  a  puppy,  the  spermatic  artery 
and  spermatic  veins  of  which  have  been  tied  some  weeks  pre- 
viously, are  almost  identical  in  structure  with  the  testes  found 
in  eunuchoid  persons.^  And,  in  the  second  place,  the  process 
in  the  testes  is  similar,  if  not  identical,  with  that  which  takes 
place  in  a  testis  of  a  boy  or  a  young  man  undergoing  what  is 
known  as  spontaneous  atrophy,  and  also  with  that  which  takes 
place  in  cases  of  twisting  of  the  spermatic  cord,  where  the  testis 
is  undescended  and  in  the  groin,  or  where  fully  descended  and  in 
the  scrotum.  In  all  these  the  testis  suddenly  swells,  undergoes 
extreme  congestion,  and  ultimately  dwindles  to  a  small,  diminu- 
tive size,  from  the  destruction  of  the  seminal  tubules  and  their 
replacement  by  fibrous  connective  tissue.  Although  the  ulti- 
mate result  is  much  the  same  in  epch  instance,  I  would  not  go 
so  far  as  to  say  that  the  vascular  lesion  is  the  same  in  each ;  yet 
in  case  of  spontaneous  atrophy  of  one  testis,  the  sudden  onset  of 
the  pain  and  swelling  justifies  the  inference  that  it  is  due  to 
some  sudden  derangement  in  the  vascular  supply ;  and  in  the 
case  of  **  twisting  of  the  spermatic  cord,"  the  changes  in  the 
testis  are  undoubtedly  to  be  ascribed  to  interference  with  both 
venous  and  arterial  supply. 

(6)  In  Fvil-grotvn  Dogs. 

Experiment  XIL — ^A  spaniel,  12  years  old.  On  August  13th,  1895, 
-while  the  animal  was  under  the  influence  of  morphine  and  chloroform, 
the  right  spermatic  artery  and  veins  were  ligated  in  two  places,  and  the 

^  See  paper  by  me  entitled  "Testes  and  Prostate  Gland  in  Eunuchoid 
Persons,"  in  Jour,  of  AwU.  and  Fhys,,  vol.  xxviii* 
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vessels  divided  between.  On  Augnst  14ih  there  was  some  swelling  and 
tenderness  of  the  testis.  On  August  15th  the  swelling  was  somewhat 
increased.  On  August  16th,  1895,  the  dog  was  killed.  The  left 
testis  was  enlarged,  tense,  and  cyanotic ;  the  spermatic  veins  up  to 
the  seat  of  ligature  were  distended,  and  both  the  artery  to  the  vas 
deferens  and  the  veins  accompanying  the  spermatic  duct  were  much 
distended.  The  interior  of  the  testis  was  infiltrated  with  blood,  and 
the  seminal  tubules  could  not  be  distinguished  one  from  another. 

Under  the  microscope  the  seminal  tubules  were  widely  separated 
from  one  another  by  intertubular  connective  tissue  infiltrated  with 
extravasated  blood  and  coagulated  fibrin;  and  the  seminal  tubules, 
though  some  few  showed  complete  necrosis  of  the  epithelial  cells,  had 
blood  extravasated  into  their  interior ;  the  spermatozoa  had  entirely  dis- 
appeared; and  the  spermatogenetic  cells  were  replaced  by  closely  packed 
small  round  cells.  This  condition  is  precisely  the  same  as  that  seen 
after  ligation  of  the  spermatic  veins  alone,  and  after  ligation  of  the 
spermatic  artery  and  veins  in  puppies, — in  fact,  a  state  of  haBmorrhagic 
infarction. 

*Exp€nment  XIII, — A  small,  rough-haired  terrier,  about  4  years 
old.  On  the  30th  of  May  1890,  while  the  animal  was  under  the 
influence  of  morphine  and  chloroform,  the  riglii  spermatic  artery  and 
veins  were  tied.  On  June  Ist  the  right  testis  was  much  enlarged, 
tense,  and  tender.  Some  suppuration  occurred  two  days  later  (June 
3rd,  1890)  in  the  wound,  and  signs  of  sloughing  of  the  testis  appeared. 
As  soon  as  this  was  detected,  the  animal  was  killed. 

Experiment  XIV, — A  collie  dog,  16  months  old.  Testicles  fully 
grown.  On  January  20th,  1895,  while  the  animal  was  under  the 
influence  of  chloroform,  the  right  spermatic  artery  and  veins  were  tied 
with  silk.  No  swelling  or  tenderness  followed,  and  on  January  25th, 
1895,  five  days  after  ligation,  the  dog  was  killed.  The  body  of  the 
testis  was  of  normal  size,  but  on  section  the  seminal  tubules  were 
pale  and  yeUowish.  Under  the  microscope,  it  was  found  that  the 
pale  yellow  appearance  of  the  seminal  tubules  was  due  to  fatty 
degeneration  of  the  spermatogenetic  cells,  the  spermatozoa  having  in 
the  majority,  but  not  in  all,  disappeared.  The  seminal  tubules  were 
held  more  firmly  together,  and  the  intertubular  connective  tissue  was 
slightly  increased.     Otherwise  the  testis  was  of  normal  structure. 

Experiment  XV, — A  fox-terrier,  IJ  years.  On  April  30th,  1895, 
while  the  animal  was  under  the  influence  of  morphine  and  chloroform, 
the  left  spermatic  artery  and  veins  were  ligated  with  silk.  No  swell- 
ing of  testis  occurred,  and  the  animal  soon  got  well.  The  organ  soon 
dwindled,  until,  six  weeks  after,  it  could  not  be  detected  in  the  scrotum 
on  that  side.  On  July  20th,  1895,  eighty-one  days  after  the  ligation, 
the  dog  was  killed.  There  was  no  trace  of  either  the  body  of  the 
testis  or  of  the  epididymis  to  be  found,  but  the  dwindled  spermatic 
arteiy,  and  one  or  two  small  veins,  could  be  traced  downwards  to  the 
small  mass  of  fibrous  connective  tissue  that  represented  the  testis^ 

Experiment  XVI. — A  fox-terrier,  16  months  old.  On  March  30th, 
1895,  while  the  animal  was  under  the  influence  of  chloroform,  the 
right  spermatic  artery  and  veins  were  ligated  with  silk.     No  swelling 
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or  tenderness  occurred  in  the  testicle.  On  August  7th,  1895,  130 
days  after  ligation,  the  dog  was  killed.  The  testicle  was  of  natural 
size,  and  the  seminal  tubules  appeared  normal.  Under  the  micro- 
scope, the  seminal  tubules  were  found  of  quite  normal  structure,  and 
in  them  the  production  of  spermatozoa  was  going  on  as  in  a  perfectly 
natural  testi&  The  ligature  could  not  be  found,  and  free  communi- 
cations had  become  established,  as  injections  passed  readily  along  the 
spermatic  artery  into  the  testis. 

Is  it  to  be  assumed  that  in  this  case  fatty  degeneration  of  the 
epithelial  cells  in  the  seminal  tubules  took  place,  and  that  they 
recovered  and  renewed  their  spermatozoa-producing  powers  1 


Ligation  of  Spermatic  Artery  and  Veins  in  Full-grown  Dogs. 


No. 

Age. 

Operation. 

Date. 

Anlmil 
kdUed. 

Time 

kept 

alive. 

Sesolt. 

XII. 

TTTI 

10  yn. 

«yn. 
15mos. 

16mos. 

Kight    Sp. 
A.       and 
Veins  tied. 

BJght   Sp. 
A.       and 
Veins  tied. 

Sight   Sp. 
A.       and 
Veins  tied. 

Left  Sp.  A. 
and  veins 
tied. 

Kight    Sp. 
A.       and 
Veins. 

Ang.  18, 
1885. 

Hay  80, 

1890. 

Jany.  20, 
1895. 

April  30, 
1896. 

March  80, 
1805. 

Aug.  16, 
1895. 

Junes, 
1890. 

Jany.  26, 
1896. 

July  20, 
1895. 

Ang.  7, 
1896. 

8  days. 

idays. 
6  days. 

81  days. 
180  days 

Testis  became  swnUen,  tense, 
and  cyanotia    Extravasation 
of  blood  into  its  interior,  and 
destruction  of  seminal  tubules. 

Suppuration     in    Wound     and 
sloughing,  of  testis. 

Sztensive    and   extreme   ftitty 
degeneration     of     spermato- 
genetic     oells     in     seminal 
tubules. 

Complete      disappearance      of 
testis  without  suppuration. 

No  change  in  testis.    Production 
of  spennatosoa  going  on  as 
usual 

XIV. 

XV. 
XVI, 

SesumS. 

The  results  of  the  preceding  experiments  (XII.  to  XVI.)  show 
tiiat  ligation  of  the  spermatic  artery  and  veins  may  lead  (1)  to 
sloughing  of  the  testis ;  (2)  to  complete  disappearance  of  the  testis 
from  wasting;  and  lastly,  (3)  to  temporary  fatty  degeneration  of 
the  epithelial  cells  in  the  seminal  tubules,  from  which  they  may 
fioon  recover  and  resume  their  spermatozoa-producing  function. 
We  may  obtain,  as  in  Exp.  XIII.,  sloughing  of  the  testis,  which 
resulted  about  the  fourth  day.  This  may  be  due,  as  under 
HJmilar  conditions  in  man,  to  suppuration  extending  from  the 
iB?oand  into  the  structures  of  the  cord,  and  thus  completely 
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interfering  with  the  formation  of  new  channels  to  convey  the 
blood  to  and  from  the  testis,  and  also  causing  blockage  of 
the  artery  and  vein  of  the  vas  deferens.  Although  this  was  not 
an  unconmion  result  of  attempts  at  the  cure  of  varicocele  in  the 
pre-antiseptic  days,  it  now  but  rarely  occurs,  and  it  is  said  not 
to  occur  in  the  human  subject  without  septic  infection  in  the 
wound,  which  can  now  almost  with  certainty  be  avoided.  Com- 
plete atrophy  of  the  testis  no  doubt  follows  upon  changes  such 
as  have  been  described  in  Exp.  XII.  three  days  after  ligation  of 
the  spermatic  artery  and  veins,  in  which  there  was  extravasation 
of  blood  m  the  intertubular  connective  tissue  and  destruction 
by  necrosis  of  the  epithelial  cells  in  the  seminal  tubules.  The 
results  obteuned  in  Exps.  XIY.  and  XYI.  are  of  interest, 
as  they  correspond  with  the  results  usually  obtained  in  man 
after  the  cure  of  varicocele  according  to  the  plan  adopted  by 
Mr  Bennett  of  St  George's  Hospital. 

In  'Exp.  XIV.,  in  which  the  testis  was  examined  five  days 
after  the  application  of  a  ligature  around  the  spermatic  artery 
and  veins,  the  only  obvious  changes  from  the  normal  that  could 
be  detected  in  the  testis  was  fatty  degeneration  of  the  spermato> 
genetic  cells,  resulting  in  a  temporary  cessation  of  the  production 
of  spermatozoa.  In  Exp.  XVI.,  in  which  the  testis  was  exam- 
ined 130  days  after  ligation  of  the  spermatic  arteiy  and  veins, 
the  seminal  tubules  were  found  to  be  normal,  and  in  them  the 
normal  process  of  spermatogenesis  was  going  on  when  the  dog 
was  killed.  The  results  of  these  two  experiments  would  seem 
to  confirm  the  view  put  forward  by  Mr  Bennett  regarding  the 
effect  of  ligation  of  the  spermatic  artery  with  the  veins  in  cases 
of  varicocele  in  man.  He  says  '*  that,  in  cases  of  varicocele,  the 
division  of  the  main  trunk  of  the  spermatic  artery,  together 
with  the  veins,  if  the  ordinary  principles  of  surgical  cleanliness 
be  observed,  is  not  only  harmless  to  the  testicle,  but  aids  in  the 
ultimate  relief  of  the  affection  [varicocele]  by  diminishing  the 
pressure  of  blood  going  to  the  testis  at  the  time  when  almost  all 
the  returning  veins  are  suddenly  obliterated."  ^ 

Although  complete  atrophy  of  the  testis  may  occur  after 
ligation  of  the  spermatic  artery  and  veins  in  fuU-grown  dogs,  yet 
this  result  does  not  necessarily  follow  in  the  Dog ;  and  in  Man,  in 

^  Bennett,  On  Varicocele^  p.  97. 
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whom  asepsis  may  be  ensured,  sloughing  is  scarcely  to  be  expected. 
This,  therefore — ^namely,  ligation  of  the  spermatic  artery  and 
veins — can  hardly  be  of  service  as  a  substitute  for  castration  in 
case  of  senile  prostate  disease  in  man.  Prof.  White  of 
Philadelphia  arrives  at  a  similar  conclusion.^ 


General  Conclusions. 

1.  Ligation  of  the  spermatic  artery  iu  full-grown  dogs  leads, 
within  a  few  days,  to  great  diminution  in  the  bulk  of  the 
testis,  caused  by  rapid  destruction  from  degenerative  changes  in 
the  seminal  tubules;  but  after  a  time  the  remaining  tubules 
may  recover  to  such  a  degree  as  to  be  again  capable  of  producing 
spermatozoa  in  the  usual  way. 

2.  Ligation  of  all  the  spermatic  veins  leads  to  great  swelling, 
from  engorgement  of  the  veins  and  extravasation  of  blood  into 
the  intertubular  connective  tissue,  and  to  necrosis  of  the  epi- 
thelial cells  in  the  seminal  tubules.  This  condition  would 
ultimately  cause  almost  complete  disappearance  of  the  seminal 
tubules  and  atrophy  of  the  gland. 

3.  Ligation  of  the  spermatic  artery  and  veins  in  puppies  leads 
to  great  swelling  of  the  testis,  followed  by  a  gradual  dimiaution 
and  atrophy  of  the  seminal  tubules,  and  to  atrophy  of  the  organ 
altogether. 

4.  Ligation  of  the  spermatic  artery  and  veins  in  fvll-grown 
dcgs  may  lead,  according  to  conditions  not  yet  known,  to  (1) 
sloughing  of  the  testis,  (2)  complete  atrophy,  and  (3)  temporary 
fatty  degeneration  of  spermatogenetic  cells  in  the  seminal  tubules, 
which  may  be  followed  by  complete  recovery. 
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EXPLANATION  OF  PLATE  IIL 

Fig.  1.  Testes,  light  and  left»  drawn  to  natural  size.  Right  (a) 
much  reduced  and  somewhat  globular ;  left  (h)  nataiaL 

Fig.  2.  X  50.  Section  of  right  testis,  Exp.  L,  showing  diminution  in 
size  of  the  seminal  tubules  (a),  and  relative  increase  of  the  inter- 
tubular  connective  tissue  (&). 

Fig.  3.  X  150.  Seminal  tubule  from  right  testis,  Bzp.  L,  showing 
absence  of  spermatozoa,  altered  spermatogenetic  cells,  and  many  fiocuall 
homogeneous  bodies  (a)  between  the  altered  cells. 

Fig.  4.  X  150.  Seminal  tubule  from  same  testis  as  fig.  3,  showing 
fusion  of  the  epithelial  cells  towards  the  centre  to  form  multi-nucleated 
masses  (a). 

Fig.  5.  X  50.  Section  of  right  testis,  Exp.  Y.,  showing  small  sise  of 
seminal  tubules  (a),  aud  relative  increase  of  intertubular  connective 
tissue  (5),  the  lymph  spaces  in  the  latter  being  crowded  with  cells 
loaded  with  fine  fat-granules  stained  black  with  osmic  acid. 

Fig.  6.  X  350.  Seminal  tubules  from  right  testis,  Exp.  Y.,  showing 
extreme  fatty  degeneration  of  the  remaining  seminal  cells  (a),  tJie  isX- 
granules  being  stained  black  with  osmic  acid. 

Fig.  7.  X  600.  Seminal  tubule  from  right  testis,  Exp.  Y.,  showing 
complete  disappearance  of  the  spermatogenetic  cells,  and  of  the  sper- 
matozoa ;  (a)  Sickened  membiaua  propria ;  (5)  single  layer  of  cells 
at  periphery ;  (c)  granidar  protoplasm  containing  remains  of  a  few 
degenerated  cells  in  the  centre. 

Fig.  8.  Natural  size.  Testes  from  dog,  Exp.  Yl.  Bight  (a) 
much  reduced,  the  spermatic  artery  having  been  ligated  84  days 
before  death  ;  left  (5)  natural. 

Fig.  9.  X  130.  Section  of  right  testis,  Exp.  YIL :  (a)  seminal  tubules 
in  which  the  epithelial  cells  are  fused  together  and  necrosed;  {b) 
tubules  in  which  the  epithelial  cells  have  almost  entirely  disappeared, 
leaving  only  irregular,  very  granular  masses  of  protoplasm  with 
indistinct  nuclei  in  their  places.  Spermatozoa  absent.  Intertubular 
connective  tissue  (c)  relatively  increased,  and  iibro-ceUular  in 
character. 
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Fig.  10.  X  50.  Section  of  right  testis,  Exp.  YIIL  Seminal  tubules 
(a)  filled  with  small  round  cells;  (b)  intertubular  connective  tissue 
infiltrated  with  coagulated  fibrin  and  red  and  white  blood  corpuscles. 

Fig.  11.  Natural  size.  Testes  from  dog,  Exp.  XI.  Right  testis 
much  atrophied  128  days  after  ligation  of  both  artery  and  veins ; 
epididymis  (a)  relatively  large ;  (b)  body  of  testis.     Left  natural. 

Fig.  12.  X  350.  Section  of  right  testis,  Exp.  XI. :  (a)  tubules  con- 
verted into  rods  of  fibrous  connective  tissue ;  {b)  tubules  still  contain- 
ing representative  of  the  epithelial  (seminal)  cells;  (e)  thickened 
interti^nlar  oonnective  tissue. 


A  CRITICAL  NOTE  ON  COLOUE  VISION.    By 

John  Tennant. 

The  appearance  of  a  book  by  Captain  Abney,i  containing  some 
criticisms  of  current  theories  of  vision,  is  the  occasion  of  this  note. 

This  book  is  the  result  of  so  much  admirable  experimental 
skill,  is  so  interesting  a  record  of  manifold  observations,  is  so 
lucidly  expressed,  and  is  written  in  so  judicial  a  spirit,  as  to 
cause  the  writer  of  this  note  to  regret  that,  in  part  owing  to  the 
fact  that  some  recent  developments  have  apparently  escaped 
Captain  Abney's  notice,  a  book  which  will  be  so  widely  read  by 
English  students  should  contain  a  critical  estimate  of  Hering's 
theory  of  vision  which  still  leaves  much  to  be  desired 

It  would  appear,  indeed,  that  the  important  paper  by  Hille- 
brand,  read  in  1889  before  the  Vienna  Academy,  had  entirely 
escaped  the  notice  of  English  authors.  The  diagram  in  Abney's 
book  representing  the  curves  of  sensation  in  the  spectrum  on 
Hering's  hypothesis  is  taken  from  Prof.  Michael  Foster's 
Physiology?  published  in  1891,  and  was  produced  unchanged  by 
the  committee  of  the  Eoyal  Society  in  their  recent  report'  on 
colour  vision,  but  it  contains  a  vital  misrepresentation  of 
Hering's  theory.  That  diagram  places  the  maximimi  sensation 
of  white  in  the  yellow  of  the  spectrum,  but  in  1887  Hering 
showed,  in  a  critical  note  on  a  paper  of  Holmgren's,*  that  he  was 
already  aware  that  the  maximum  of  the  white  sensation  was 
produced  by  the  spectrum  green ;  and  Hillebrand's  paper,*  which 

^  *' Colour  Yision,  being  the  Tyndall  Lectures  delivered  in  1894  at  the  Royal 
Institution  by  Capt.  W.  de  W.  Abney,  D.C.L.,  F.R.S." 

^  Foster,  Text-Book  of  Physiologyy  6th  ed.,  p.  1238. 

>  S^Hfrt  of  Royal  Society  Committee  on  Colour  Vision  (Apr.  1892),  p.  289. 

*  FfiUger  ArcMvf,  Physiologic,  Bd.  xl.  p.  19. 

^  Hillebrand,  "Ueber  die  specifische  Helligkeit  der  Farben,"  Sitaunffsber^  d, 
Kais,  Akad,  d.  Wissenseh,  zu  Wien,  math,  nat  Classe,  Bd.  xcviii.  p.  70  (1890). 
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has  a  preface  by  Hering  himself,  contams  a  thorough  discussion 
of  the  whole  question.  HiUebrand  uses  in  his  investigation  the 
same  method  of  extinction  which  Captain  Abney  explains  in 
his  book;  and  the  latter's  work,  so  far  as  it  goes,  completely 
confirms  his  results.  Since  the  publication  of  this  paper,  which 
affects  the  critical  estimate  of  Hering's  theory  at  every  point, 
Bering's  curve  for  white  has  been  identical  with  Abney's 
**  persistency  curve." 

In  his  original  work,  Hering  seems  to  have  considered,  with 
some  hesitation,  that  whiteness  and  luminosity  were  completely 
identifiable,^  and  that  the  colours  had  nothing  in  common  with 
white,  although  capable  of  being  treated  in  practice  as  of  the 
brightness  of  the  neutral  grey.  This  is,  however,  by  no  means 
the  only  or  the  most  natural  supposition.  Just  as  loudness  is  a 
property  of  sounds  of  different  tone,  so  brightness,  as  indeed  the 
Toung-Helmholtz  theory  assumes,  may  be  a  common  property 
of  visual  sensations  of  distinct  quality.  But  the  antagonistic 
nature  of  the  colour  effects  in  the  elementary  substances,  on 
Hering's  hypothesis,  seems  to  require  that  if  we  assume  an  effect 
of  brightness  for  all  dissimilative  changes,  then  we  must  assume 
a  darkening  effect  for  all  assimilative  changes;  and,  without 
actual  proof,  this  may  well  have  appeared  to  Hering  too 
unexpected  a  supposition  to  be  easily  entertained. 

The  position  is  now  altered.  Hering's  discovery  of  the  true 
position  of  the  curve  for  white  has  made  his  original  supposition 
untenable,  and  Hillebrand  has  proved  that  the  second  hypothesis 
is  in  complete  accordance  with  the  facts.  He  has  shown  that  if 
two  blues  of  the  same  hue  appear  by  the  method  of  extinction 
to  possess  the  same  white  valence,  then  the  more  saturated 
colour,  t.«.,  the  one  with  the  greatest  relative  blue  valence,  is  the 
darker  of  the  two,  and  that  this  difference  increases  with 
increase  of  illumination.^  The  reverse  is  the  case  with  two 
yellows,  the  more  saturated  being  the  brighter,  and  an  analogous 
law  holds  for  green  and  red. 

Hillebrand's  experiments  were  all  made  with  colours  of 
moderate  luminosity,  and  his  demonstration  applies  strictly  only 
to  such  cases.^    Moreover,  he  has  found  no  means  to  compare 

^  Zva  Lehre  vom  Licbtsinne  v.  £.  Hering,  sec.  40,  p.  123,  and  sec.  41. 
«  L.e.,  p.  100.  »  Do.,  p.  105. 
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tbe  saturation  of  colours  of  different  hue,  for  this  requires  more 
than  a  comparison  of  their  white  valences, — ^it  requires  a  com- 
parison of  the  degree  in  which  their  coloured  parts  contribute 
respectively  to  the  total  visual  result,^  but,  in  his  opinion,  the 
order  of  the  elementary  sensations  in  specific  brightness  is  white, 
yellow,  red,  green,  blue,  and  black. 

It  is  not  observed  by  Hillebrand,  but  seems  a  logical  conse- 
quence of  the  laws  of  colour  mixture  hereafter  mentioned,  that 
if  we  regard  equal  quantities  of  blue  and  yellow  as  those  which 
neutralise  one  another,  and  if  we  suppose  that  the  brightness  of 
the  colour  formed  by  their  union  is  that  of  the  neutral  grey, 
tiien  the  specific  brightness  of  the  pure  blue  sensation  is  as 
much  darker  than  the  neutral  grey  (t.«.,  the  grey  of  the  field  of 
vision  in  the  absolutely  rested  eye)  as  the  specific  brightness  of 
the  pure  yellow  is  brighter,  and  a  similar  reciprocal  relation 
must  hold  for  green  and  red.  The  warm  colours  of  the  artist 
are,  in  a  literal  sense,  colours  of  the  light,  and  the  cold  colours, 
colours  of  the  darkness. 

In  the  same  paper,  Hillebrand  has  investigated  the  law  of 
mixtmres,  and  has  shown  that  the  sum  of  the  white  valences  of 
the  components  of  a  mixture  is  equal  to  the  white  valence  of 
the  resulting  grey.    This  is  a  necessary  consequence  of  any  form 
of  Bering's  theory,  and  its  verification  is  strong  evidence  in  favour 
of  that  hypothesis.^    It  is  not  inconsistent  with  Young's  theory, 
but  appears  quite  inexplicable  by  it.    On  the  other  hand,  the  Law 
of  Luminosities,  viz.,  that  the  luminosity  of  a  mixed  colour  is 
equal  to  the  sum  of  the  luminosities  of  its  components,  a  law 
often    used   to   discredit    Hering's    theory,  receives    an    easy 
explanation  from  Hillebraad's  paper.    For  in  the  case,  say,  of  a 
blue  and  yellow  uniting  to  form  green,  just  so  much  as  the 
yellow  constituent  of  the  united  colours  increases  the  luminosity 
due  to  their  white  valences  only,  by  so  much  does  the  blue 
constituent   reduce   it.      Or,   to    put    the   matter    otherwise: 
suppose  we  are  combining  the  blue  and  yellow,  the  eye  being 
rested,  and  the  remainder  of  the  field  absolutely  dark;  then  if 
we  leave  out  the  blue  and  yellow  constituents  entirely,  we  shall 

^  For  the  definition  of  the  Valence  (valenz)  of  a  colour,  see.  Zivr  ErkUarwig  dL 
Farbenblvndheiif  Prag,  1880,  p.  6. 
^  Hillebrand,  Lc,  p.  117. 
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aSeot  neither  the  sums  of  the  ImninositieB  of  the  two  colours 
separately  nor  combined. 

As  an  argument  against  the  older  theory,  the  method  used 
in  these  researches  is  even  of  greater  weight  than  their  results.^ 
For,  on  Young's  hypothesis  there  is  no  reason  why  the  sensitiveness 
to  white  should  gain  relatively  to  colour  sensitiveness  for  the 
rested  eye,  since  it  is  entirely  dependent  on  the  sensitiveness 
to  the  three  fundamental  colours.  But  on  Bering's  theory,  all 
objective  colours  having  a  white  valence,  the  eye  when  open  is 
under  a  constant  stimulus  as  regards  white,  whereas  the  changes 
from  colour  to  colour  leave  it,  as  regards  these,  in  a  relatively 
neutral  stata  Complete  rest,  therefore,  helps  the  perception  of 
white  relatively  to  tiiat  of  colour. 

It  only  remains  to  be  added,  that  the  use  of  the  method  of 
extinction  for  calculating  the  white  valence  of  a  colour  is  con- 
firmed by  the  examination  of  the  totally  colour-blind.  Abney 
has  noticed '  in  his  recent  work  the  agreement  of  the  persist- 
ency curve  with  the  luminosity  curve  of  monochromatic  vision. 
This  had  already  been  observed  by  Hering,^  and  waa  predicted 
in  Hillebrand's  paper  before  he  observed  it.* 

It  is  not  too  much  to  say  that  this  paper  of  Hillebrand  has 
converted  the  phenomena  of  colour  mixture  and  the  relations  of 
the  luminosities,  in  the  compound  and  its  components,  from  a 
difficulty  and  a  reproach,  into  one  of  the  chief  strongholds  of 
Bering's  theory. 

The  next  point  that  demands  consideration  is  a  criticism  by 
Capt.  Abney  on  Prof.  M.  Foster.  Be  says,  "  Bering's  theory  is 
not  properly  trichromic."  * 

A  clear  view  on  this  point  is  very  important.  From  the 
paycbological  point  of  view,  no  theory  can  be  trichromic. 
Psychologically  considered,  there  are  certainly  five  elementary 
▼iBual  sensations;  or  if,  with  both  Bering  and  Belmholtz,  we 
accept  the  positive  character  of  the  sensation  of  black,  six. 
It  might  be  contended  that  there  were  more,  but  there  can- 
not be  less.    When,  however,  it  is  said  that  a  theory  of  vision 

*  Hillebrand,  l.e,,  p.  113. 

«  Abney,  "  Colour  Vmon,"  p.  119. 

'  Hiring,    "  Untersuchung  eines  total  Farbenblinden,"  Pfliiger,  Arehiv  /. 
Physiol.,  Bd.  x.  p.  563. 

*  Hillfbrand,  loc,  eit.,  p.  111.  '  Abney,  Z.c,  p.  67. 


110  MB  JOHN  TENNANT. 

is  trichromic,  the  proposition  is  not  meant  in  a  psychological 
sense, — the  reference  is  wholly  to  certain  experimental  results  of 
mixing  colours  together. 

It  is  known,  as  a  result  of  the  study  of  mixtures,  that  a 
relation  subsists,  that  a  colour  equation  may  be  found,  between 
any  four  colours  taken  at  random,  using  the  word  "colour" 
in  the  extended  sense,  in  which  it  includes  white.  This  implies 
that  from  this  point  of  view  there  are  three  independent  colour 
variables,  and  a  corresponding  three-foldness  in  the  perceiving 
arrangements  of  the  retina. 

Here,  however,  two  paths  emerge,  according  as  we  hold  that 
pairs  of  colours  combining  to  make  white  are  complementary  or 
antagonistic.    On  the  first  supposition,  a  negative  quantity  has 
no  independent  physiological  significance,  and  can  only  be  inter- 
preted by  transferring  it  to  the  other  side  of  the  colour  equation ; 
and  this  leads  necessarily  to  some  form  of  the  Young-Helmholtz 
or  three-nerve  theory.     On  the  second  supposition  a  negative 
quantity  has  an  independent   physiological  meaning,  and    is 
directly  interpretable  in  terms  of  sensation;  and   this  leads 
necessarily  to  a  theory  of  triple  pairs  of  sensations;  in  fact, 
to  some  form  of  Hering's  theory.    Whether  such  a  theory  is 
appropriately  called  ''  trichromic  "  or  not,  it  is  just  as  perfectly 
in  accord  with  the  experimental  results  of  colour-mixture  as 
its  rival,  and  has  the  additional  advantage  of  according  with  and 
interpreting  the  hexachromic  character  of  the  visual  sensations 
given  in  perception. 

Let  us  now  consider  the  question  of  colour-blindness.     But 
before  examining  Capt.  Abne/s  criticism  of  Hering,  let  us  look 
at  the  broad  facts,  especially  in  cases  of  colour-blindness  from 
disease,  or  congenital    colour-blindness   in  a  single  eye,    and 
compare  them  with  indications  of  the  rival  theories. 

Now,  on  Young's  theory  it  is  obvious  that,  with  the  disappear- 
ance of  any  of  the  fundamental  sensations,  the  sensation  of 
white  should  vanish  also.  For  the  red-blind,  white  ouglit  to 
be  replaced  by  a  blue-green-complementary  to  the  fundamental 
red;  and  only  greens  and  violets  and  the  products  of  their 
combinations  should  remain.  It  receives  no  countenance  in 
Abney's  work.  I  leave  out  of  account  the  suggestion  of  such 
large  shifts  of  the  curves  of  the  elemeutary  sensations  as   shall 
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lead  to  their  fusion,  which  is  the  despairing  resource  of  some 
recent  supporters  of  Young's  theory.  So  for  other  cases,  and 
monochromatic  vision  should  be  of  red,  green,  or  violet,  but  never 
of  white.  On  Bering's  theory,  on  the  other  hand,  the  loss  of  a 
fundamental  pair,  red-green  for  instance,  means  a  loss  of  satura- 
tion in,  at  any  rate,  part  of  the  spectrum ;  and  if  accompanied 
by  partial  defect  of  the  blue-yellow  sensation,  a  loss  of  satura- 
tion would  be  observed  throughout.  In  the  supposed  case  the 
remaining  colours  would  be  blue  or  yellow.  Cases  of  mono- 
chromatic vision  would,  on  Hering's  theory,  usually  be  of  shades 
of  white  or  grey  only. 

This  being  premised,  is  it  not  a  strong  argument  for  Hering's 
theory  that  the  facts  are  in  general  accord  with  these  indica- 
tions, and  in  complete  disaccord  with  those  of  Young's  theory ; 
that  in  all  cases  of  colour-blindness  from  disease,  or  of  colour- 
blindness in  a  single  eye,  where  the  actual  sensations  experienced 
can  be  compared  by  the  patient  with  those  of  normal  vision,  the 
defect  of  colour-vision  is  accompanied  by  a  general  loss  of 
saturation  in  the  spectrum ;  that  in  all  such  cases  as  yet  recorded 
the  remaining  colours  are  blue  and  yellow  (or  in  exceptional 
caaes,  blue  only) ;  that  the  combinations  red  and  green,  or  red 
and  violet,  or  green  and  violet,  have  Tiever  in  cmy  case  been 
observed ;  and  that  the  rare  cases  of  monochromatic  vision  in  a 
single  eye,i  or  from  disease,  should  be  in  absolute  accord  with 
the  indications  of  Hering's  theoiy  ?  Is  it  not  remarkable  that, 
speaking  broadly,  in  the  peripheral  part  of  the  retina,  red  and 
green  should  be  the  first  to  disappear,  then  blue  and  yellow, 
and  white  alone  should  remain  to  the  extreme  verge  ^  of  the 
field? 

From  these  broad  and  undisputed  features  of  the  case  let  us 
pass  to  Captain  Abney's  criticisms.  He  points  out  that  in 
certain  cases  of  tobacco  amblyoma,  blue  was  visible  and  not 

^  Abney,  Case  of  Miss  W.,  p.  161.  The  difference  of  the  luminosity  and  per- 
taatency  coryes  in  thin  case  is  abnormal. 

*  See  Hess,  "Ueber  d.  Farbensinn.  bei  indirect  Sehen.  t.  Graefe,"  Arehiv  /. 
Ophthalm,,  Bd.  zxxr.  4. 

Abney's  conclusions  as  to  the  exact  limits  of  the  blue  and  yellow  fields  are 
iaconaistent  with  Hess,  see  p.  200  ;  but  he  agrees  that  yellow  continues  after  red 
and  green  have  ranished,  which,  with  other  results  obtained  by  Hess,  is  quite 
incompatible  with  Young's  theory. 
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yellow,  and  puts  this  forward  as  a  difficulty  in  the  way  of 
accepting  Hering's  theory.  The  alleged  absence  of  yellow  did 
not  really  occur  in  one  of  the  cases  given/  for  the  patient  did 
perceive  yellow  at  the  red-end  of  the  spectrum,  though  at  the 
line  D  it  appears  to  have  been  lost  in  white,  but  it  seems  to 
have  occurred  in  the  case  of  G ;  ^  but  even  in  the  case  of  G  the 
blue  was  neutralised  by  light  of  wave  length  D,  a  clear  indicar 
tion  that  the  light  there  had  a  yellow  valence,  thoi^  it  was 
feeble  compared  with  the  white. 

It  is  not,  however,  necessary  that  the  blue-yellow  substance 
should  respond  equally  in  both  directions  to  the  appropriate 
stimulus,  more  especially  if  the  defect  is  due  to  disease. 

In  the  case  of  normal  vision,  there  are  limits  to  the  increase 
or  decrease  of  the  sensitive  substance  which  it  cannot  overpass. 
As  it   approaches   these    limits  it  responds  with    increasing 
difficulty  to  the  stimulus  which  is  urging  it.^    Now,  it  is  not 
difficult  to  suppose  that  disease,  without  directly  affecting  the 
action  of  the  stimulus,  may  affect  ve^  unequally  these  two 
limits;  that  the  substcmce  may  be  capable  of  increase  bat 
scarcely  at  all  of  decrease,  and  vice  versa.    For  example,  in  the 
case  of  tobacco  amblyopia,  a  probable  hypothesis  would  be  that 
while  the  red-green  substance  is  completely  destroyed,  the  Vtae- 
yeUow  substance  is  nearly  so.    This  implies  that  during  the 
course  of  the  disease  autonomous  dissimilation  has  been  greatly 
in  excess  of  autonomous  assimilation,^  and  that  they  are  only 
brought  into  balance  when  the  sensitive  substance  has  nearly 
perished.    The  condition  of    things  somewhat  resembles  the 
condition  of  the  normal  eye  after  prolonged  exposure  to  yellow 
light  has  nearly  destroyed  the  power  of  perceiving  yellow.     In 
this  case  an  increase  of  the  yellow  stimulus  produces  but  a  small 
effect,  while  a  blue  stimulus  is  at  once  perceived.    On  the  other 
hand,  while  further  changes  in  the  amount  of  the  sensitive 
substance  are  avoided,  the  two  antagonistic  stimuli  may  still  be 

^  Abney,  p.  151. 

«  P.  164. 

'  See  Hering's  paper,  **  Zur  Theorie  der  Vorgange  in  der  lebendigen  sobstanz," 
Loto8,  Bd.  iz. 

*  Autooomoiu  dissimilation  and  assimilation  are  defined  by  Hering  as  tbe 
dissimilation  and  assimilation  of  the  substance  under  its  speeial  eondStioaft, 
uninfluenced  by  external  stimnlas. — ZtOtos,  Bd.  iz.  p.  2. 
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effective  to  neutralise  one  another,^  although,  from  the  rapidly 
diniiiushing  senaitiveness  of  the  substance,  and  the  strength  of 
the  white  constituent  of  the  sensation,  the  yellow  valence  of 
the  light  may  be  unable  separately  to  assert  itself  in  conscious- 
ness. 

A  second  criticism  of  Captain  Abney's  relates  to  red-green 
blindness.  "  We  are  told,"  ^  he  says,  "  that  both  the  red-blind 
and  the  green-blind  are  red-green-blind,  and  that  the  only 
difiTerence  between  them  is  that  the  former  has  his  spectrum 
slightly  shortened  at  the  red-end,  the  maxima  of  the  yellow-blue 
sensations  being  shifted  a  little  further  towards  the  violet-end 
of  the  spectrum,"  and  he  asks  why  this  shift  occurs.  Then 
assuming  that  Prof.  Foster's  explanation  is  meant  to  be 
exhaustive,  he  makes  some  critical  remarks,  which  would  in 
that  case  have  great  force. 

Hering's  explanation »  of  these  varieties  of  colour  vision  is 
entirely  different,  and  depends  (like  that  of  Maxwell  and  others) 
on  the  varyins  depth  of  colouring-matter  in  different  eyes,  not 
only  in  the  yellow  spot  but  in  the  lens.  That  this  is  a  real 
cause  of  such  varieties,  I  think  it  is  not  possible  for  any  reader 
of  Bering's  paper  to  contest  Whether,  however,  it  is  a 
complete  explanation  of  the  whole  of  them  is  more  doubtful. 
If  it  is,  Hering  is  compelled  to  assume  a  correlation  between 
the  depth  of  the  colouring-matter  of  the  eye  and  the  strength  of 
the  red-green  sensation,  which  appears  to  require  independent 
verification.  Moreover,  if  Bering's  explanation  is  complete, 
Koenig's  determination  of  the  neutral  points  iu  the  spectrum 
must  be  rejected  as  wholly  untrustworthy;  and  though  his 
method  is  open  to  some  of  Bering's  criticisms,  it  is  dif&cult 
to  believe  that  the  neutral  line  of  all  his  cases  was  really 
identical. 

If,  however,  Bering's  explanation  be  rejected,  the  facts  seem 
to  be  still  more  adverse  to  Young's  theory  than  to  his  own. 
For  on  that  theory  the  cases  ought  to  be  grouped  about  two 
different  mean  positions  of  the  neutral  line, — that  of  the  green- 

*  For  examples  see  **  VintschogenPflugei/MrcAii;/.  Physiol. ,  Bd.  97.  p.  241  ; 
also  Hering  same  vol.  pp.  328-329. 

2  Abnej,  p.  192. 

3  "Ueber  Individ,  verschiedeuheiten  des  d,  Farbensi lines,"  LofoHj  n.f.,  Bd.  vi. 
VOL.  XXX.  (N.S.  VOXi.  X.)  H 


114  MR   JOHN  TENNANT. 

blind  being  nearest  to  the  red  of  the  spectrum.  In  complete 
disaccord  with  this,  Koenig^  found  not  only  that  the  position 
of  the  line  varied  with  each  individual  case,  but  he  actually 
fotmd  a  green-blind  case  at  each  end  of  the  series.  He  himself 
draws  the  inference,  unfavourable  to  the  Young-Helmholtz 
hypothesis,  which  his  work  suggesta 

I  have  referred  above  to  the  subject  of  peripheral  colour- 
blindness. Some  experiments  on  the  matter  are  given  in  the 
appendix  to  Captain  Abney's  book.  The  subject  has  been 
investigated  with  great  care  by  Dr  Carl  Hess.^  He  made 
quantitative  experiments  in  a  very  ingenious  manner  by  the  use 
of  the  colour-top.  His  methods  are,  to  a  large  extent, 
independent  of  the  assumptions  or  conclusions  of  any  theory. 
He  found — 

(1)  That  there  were  four  colours,  a  red,  a  green,  a  blue,  and  a 

yellow,  which,  while  they  gradually  change  in  saturation 
as  they  are  seen  more  and  more  excentrically,  are  un- 
altered in  hue. 

(2)  That  these  four  colours  form  two  "  complementary  "  pairs. 

(3)  That  colour  equations  which  subsist  for  the  central  parts  of 

the  retina  (just  outside  the  macula  lutea),  subsist  also  for 
the  peripheral  parts. 

(4)  That  all  colours  except  the  four  mentioned  alter  in  hue  as 

well  as  saturation   as  they  are    seen  more  and  more 
excentrically. 
These  results,  which  are  independent  of  any  assumptions, 
Hess  and  Hering  ^  have  shown  by  the  use  of  the  colour-triangle 
to  be  inconsistent  with  the  Young-Helmholtz  hypothesis. 

Hess  found,  also,  that  the  visibility  of  a  colour  at  the  periphery 

*  Eoenig,  Wiedemann,  AnnaZen  d.  Physiol.,  N.F.,  Bd.  xxii.  p.  574.  I  give 
Eoenig's  Ust :  G-« green-blind,  R  red-blind,  and  \  is  the  wave-length  of  tho 
neutral  line  in  millimillimetres. 

1.  Rx-4917  8.  Gx- 496-08 

2.  Gx-492-04  9.  R  X- 497-37-497 '68 

3.  Rx-492-25  10.  Ra-497-66 

4.  Rx-49308  11.  Ga-499-44 

5.  R\-495-8  12.  Gx-49971 

6.  Gx-496-92  13.  G  X- 50475 

7.  Gx-496  01 

'  HesSf  "  Ueber  d.  Farbensinn  b.  indirect  seben  v.  Grraefe"  Archiv  v.  Ophlhal- 
rrvologie,  Bd.  xxxv.  4.  I. 

'  Hering,  "Ueber  die  Hypoth.  Z.  Erklanmg  d.  pereph.  Farbenblindheit 
V,  Oraefe",  Archiv  f,  Ophthalm. 
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of  the  retina  was  affected  by  the  degree  of  its  admixture  with 
white  light.  Hence,  iq  examining  the  extent  of  the  colour 
fields,  he  chose  colours  which,  tested  by  the  methods  of  Hille- 
brand,  appeared  to  have  the  same  white  valence.  When  this 
was  the  case,  the  fields  for  red  and  green  were  practically 
identical,  as  were  those  for  blue  and  yellow.  The  determination 
of  the  fields  for  blue  and  yellow,  requiring  the  use  of  very 
excentric  parts  of  the  retina,  was  far  from  easy,  and  required  the 
use  of  colours  of  a  low  degree  of  saturation.  It  is  therefore  not 
surprising  that  Captain  Abney,^  using  the  saturated  colours  of 
the  spectrum,  has  been  led  to  results  which  appear  to  be 
inconsistent  with  those  of  Hess.  It  is  undeniable  that  the 
general  nature  of  Hess'  results  is  highly  favourable  to  Hering's 
theory. 

Abney  has  suggested  a  modification  of  Young's  theory  which 
seems  to  require  brief   consideration     He  suggests  a  separate 
mechanism  for    the    perception  of    ''fundamental    light"    in 
connection  with  each  nerve  of  sensation,  but  he  has  nowhere 
defined  the  relation  of  this  mechanism  to  the  ordinary  physio- 
logical antecedents  of  the  perception  of  white.    They  are  either 
identical  or  they  are  not.    If  they  are  identical,  then  it  seems 
clear  (especially  in  the  light  of  Hillebrand's  law  of  mixture)  that 
the  blue  and  yellow  must  neutralise  one  another,  and  that  white 
is  merely  the  emergence  of  the  **  fundamental  light,"  or  white 
sensation.     In  this  case  blue  and  yellow  are  not  really  comple- 
mentary, but  antagonistic;    and    Abne/s   proposal  is  not   a 
modification  of  the  Young-Helmholtz  hypothesis,  but  a  crude 
form  of  Hering's.     If  they  are  to  be  distinguished,  then  two 
entirely  different  physiological  antecedents  correspond  to  the 
same   sensation  of  white, — a  supposition  so  improbable  that 
nothing  but  irresistible  necessity  could  induce  us  to  adopt  it. 

In  conclusion,  Hering's  theory  seems  to  rest  on  three 
foundations : — 

1.  On  his  analysis  of  visual  sensations,  and  especially  on  his 
view  of  the  positive  character  of  black  as  a  distinct  sensation, 
demanding  a  distinct  physiological  explanation. 

2.  On  Newton's  Law  of  Colour  Mixture,  and  the  threefold 
xi£iture  of  the  visual  mechanism  which  it  necessitates, 

1  Abney,  p.  208. 
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3.  On  the  antagonistic  nature  of  the  so-called  complementary 
colours. 

The  second  foundation,  which  is  a  common  pillar  both  of 
Hering's  hypothesis  and  Yoimg's,  has  been  recently  attacked, 
but  the  isolated  experiments  of  Prof.  Ebbinghans^  and  Mrs 
Ladd  Franklin  ^  on  the  mixture  of  complementary  colours,  with 
varying  intensity  of  light,  must  be  affected  by  some  error.  They 
are  entirely  inconsistent  with  Newton's  Law,  and  that  law  rests 
upon  such  a  long  series  of  observations,  and  has  formed  the  basis 
of  so  many  verified  calculations  by  illustrious  men,  that  it  cannot 
lightly  be  set  aside;  and  Hering  has  repeated  Ebbinghans' 
experiment  with  quite  different  results,  and  has  pointed  out 
possible  sources  of  error.^ 

It  is  to  the  illustration  and  establishment,  both  directly  and 
indirectly,  of  the  third  of  these  foundations  that  so  much  of  the 
work  of  Professor  Hering  and  his  followers  has  been  devoted. 
None  of  it  has  been  more  convincing  than  the  discussion  of 
simultaneous  and  successive  contrast  contained  in  Bering's 
original  work ;  but  in  addition  to  that  work,  and  to  the  papers 
already  mentioned,  I  may  be  permitted  to  refer  to  two  papers 
by  Dr  Carl  Hess,  who  has  shown  *  that  the  changes  which  the 
spectrum  colours  undergo  when  observed  by  an  eye  which  has 
been  exposed  to  homogeneous  light  are  inexplicable  by  any 
theory  of  mere  retinal  fatigue,  and  require  just  such  a  play  of 
antagonistic  forces  as  Hering's  theory  provides. 

Throughout  this  note,  language  has  been  used  which  appears 
to  imply  the  distinctness  of  the  three  elementary  substancea 
It  is,  however,  to  be  noted  that  this  is  not  an  essential  of 
Hering's  theoiy.  A  single  sensitive  substance,  capable  of 
manifold  assimilative  and  dissimilative  changes,  which  can  be 
thought  of  as  resolved  into  three  principal  components,  is  all 
that  is  necessary  to  the  hypothesis,^  and  it  may  tend  to  lighten  j 

'  Ebbingfaaos,  ''Theorie  d.  ^eirhejisehejks,"  Zeiidchrift /,  Psychol,  u.  PhyskL 
d.  Sinnes  Organe^  Bd.  v. 

«  C.  L.  Franklin,  Mind,  vol.  ii.  p.  487. 

'  Hering,  "  Ueber  d.  Einfluss  d.  Macula  lutea  auf  spec.  FarbengleichiiDgen,'* 
Pfliiger,  Archiv,  Bd.  liv.,  p.  277. 

*  Hess,  '*  Ueber  die  Tonandemngen  der  Spectralfarben,  etc,"  V.  Qtaefe, 
Arehiv  /.  OpJUhalm.,  Bd.  xxxvi.  1,  also  Bd.  xxxix.  46. 

•  Hering,  in  the  preface  to  HiUebrand's  paper,  p.  73, 
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some  difficulties  which  have  been  raised  if  we  remember  that, 
owing  to  the  important  part  played  by  the  changes  to  which  the 
sensations  of  grey  are  due,  and  to  the  dissimilative  character  of  the 
only  colour,  red,  which  has  a  relatively  feeble  white  valence,  it  is 
fairly  certain  that  every  external  stimulus  produces  on  the 
whole  a  dissimilative  and  destructive  effect  upon  those  parts  of 
the  perceiving  apparatus  upon  which  it  directly  acts,  and  an 
average  destructive  effect  even  when  the  whole  organ  of  vision 
is  considered.  When  due  weight  is  given  to  this  last  considera- 
tion, it  does  not  appear  probable  that  recent  attempts  to  set  aside 
Bering's  theory  as  physiologically  absurd  will  achieve  success ; 
nor  will  it  seem  inherently  incredible  that  the  play  of  creative 
and  destructive  forces,  which  is  the  characteristic  of  living 
tissue,  should  have  been  utiHsed  in  a  special  substance,  as  the 
immediate  antecedent  of  those  sensations  of  Hght  which  are  the 
crowning  marvel  of  sentient  life. 


NOTE  ON  THE  STEEEOPHOTOCHROMOSCOPE— A  NEW 
OPTICAL  INSTRUMENT.  By  David  Eraser  Harris, 
B.Sc.  Lond.,  M.B.,  CM.  Glasgow,  Second  Assistant  to  the 
Professor  of  Physiology,  University  of  Glasgow. 

I  HAD  lately,  in  London,  the  opportunity  of  examining,  through 
the  kindness  of  Mr  Ward,  who  is  acting  for  the  inventor,  Mr 
Frederick  E.  Ives  of  Philadelphia,  an  instrument  of  great  interest 
to  physiologists,  inasmuch  as  it  has  been  devised  upon  data 
directly  deducible  from  the  Young-Helmholtz  theory  of  Colour- 
Vision. 

The  stereophotochromoscope  is  the  product  of  a  research  by  a 
physicist  and  photographer,  who  has  solved  one  aspect  (at  leafit) 
of  the  problem  of  **  photography  in  colours."    Mr  Ives  does  not, 
indeed,  execute  a  coloured  photograph  on  a  card — and  in  this 
sense  has  not  solved  the  problem  of  "  photography  in  colours " 
— but  he  has  constructed  an  instrument  wherein  we  can  re- 
produce in  a  mental  picture  the  objects  of  the  world  around,  not 
only  in  aU  their  solidity,  but,  with  a  fidelity  that  is  absolutely 
startling,  their  colours,  tints,  lights  and  shadows.     Since,  how- 
ever, the  novelty  is  not  in  its  stereoscopic  but  its  chromatic 
features,  I  need  here  only  say  that  the  essence  of  the  process  for 
reproducing  coloured  objects  is,  in   the  first  place,  the  stereo- 
scopic photographing  of  the  coloured  object ;  and  secondly,  the 
viewing  of  these  photographs  in  coloured  lights  and  under  sudi 
optical  conditions  as  to  give  the   illusion  ^  of  a  solid,  coloured 
body. 

There  are,  then,  t^lx>  instruments:  a  photographic  camera 
for  stereoscopically  photographing  the  coloured  object — as,  for 
example,  a  basket  of  fruit   and  flowers;    and  secondly,   the 

^  It  must  be  premised  that  I  use  the  term  "  illusion  "  as  a  technical  term  for  a 
mental  impression  where  the  judgment  predicates  more  than  unaided  sensation 
could  warrant. 
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stereophotochromoscope  proper — in  which  the  photographs  are 
suhmittted  to  inspection. 

For  a  reason  to  be  given  immediately,  three  stereoscopic  pairs 
of  photographs  of  the  one  coloured  object  are  taken  by  a  single 
exposure  on  one  sensitive  plate. 

Thus  there  are  six  negatives  in  pairs  (each  pair  being  some- 
times called  a  ''  stereogram  ") :  positives  of  these  are  then  made 
in  the  usual  way  by  "  developing  "  and  "  printing  "  upon  glass  ; 
the  set  of  transparencies  being  then  known  as  a  "  chromogram" ; 
for,  as  will  presently  be  explained,  these  photographs  are  records 
of  colour-effects. 

As  the  paired  photographs  are  not  to  be  all  examined  in  one 
plane  in  the  photochromoscope,  the  three  pieces  of  glass,  each 
with  its  double  transparency,  are  hinged  together  by  a  flexible 
material  to  permit  of  chromatic  illumination  in  three  different 
plane& 

The  essence  of  the  Young-Helmholtz  theory  of  colour-vision 
is  that  in  the  retina  we  must  suppose  three  sets  of  end-organs, 
of  such  constitution  that  one  set  responds  most  energetically  to 
light  at  the  red-end  of  the  spectrum,  less  so  to  greenish  light, 
and  least  of  all  to  violet ;  that  the  second  set  are  most  irritable 
in  green  light,  less  so  in  hght  at  the  extremities  of  the  spectrum, 
while  the  third  set  is  most  susceptible  in  violet  light,  less  so  in 
greenish,  least  of  all  in  reddish  hght.  The  sensation  of  white 
light  is  produced  when  all  the  three  end-organs  are  excited  in 
nearly  equal  d^rees. 

Now,  it  is  known  that  it  is  not  only  pure  spectrum-red  rays 
that  excite  the  fundamental  sensation  of  **  red "  (consequent 
upon  stimulation  of  what  we  have  called  the  first  set  of  retinal 
nerve-endings),  but  that  the  "  red  "-sensation  is  produced  by  all 
the  spectrum-rays  from  red  to  green,  though  most  powerfully 
by  the  orange ;  similarly,  the  "  green  "-sensation  is  produced  not 
only  by  spectriun-green,  but  by  the  simultaneous  action  of  orange, 
yellow,  yellow-green,  green  and  green-blue  (all  of  which  rays  act 
with  varying  energy  on  the  so-called  "  second  set "  of  nerve- 
endings)  ;  and  lastly,  the  violet-sensation  is  the  result  of  the 
simultaneous  action  of  the  several  rays,  from  the  green-blue  to 
the  violet  extremity  of  the  spectrmu.  Thus,  although  it  is 
true   that  the  three  ** primary"  colours  are  red,  green,  and 
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violet,  yet  this  must  only  be  taken  as  a  succinct  statement  of 
the  Young-Helmholtz  theory ;  for  while  spectrum-rays  of  one 
colour  will  serve  to  represmi  chromatically  the  corresponding 
fundamental  colour-sensation,  yet  it  is  a  physical  fact  that 
several  widely-separated  rays,  i.e.,  lights  of  very  different  colours, 
can  excite  in  any  one  normal  person  one  and  the  same  fimda- 
mental  sensation.    We  can,  therefore,  map  out  in   the  solar 
spectrum  three  curves,  the  height  of  each  being  a  measure  of  the 
power  of  the  different  rays  to  excite  their  respective  colour- 
sensations,  and  the  area  enclosed  by  each  curve  being  a  graphic 
representation  of  the  entire  group  of  rays,  which,  when  simul- 
taneously acting,  yield  a  particular  fimdamental  colour-sensation. 
Thus  any  of  the  rays  from  red  to  yellow  can  excite,  in 
varying  degrees  of  intensity,  the  red-sensation,  and  all  those  rays 
acting  together  give  the  full  fundamental  sensation ;  but  when 
we  represent  by  a  colour  what  this  sensation  is,  we  indicate  it 
by  light  somewhere  about  the  C  line.    And  similarly  for  the 
other  sensations.     In  fact,  there  is  a  difference  between  all  the 
actual  coloured  rays,  efficacious  in  producing  a  colour-sensation, 
and  the  chromatic  representation  of  that  fact  of  consciousness 
by  a  light  of  one  definite  colour. 

The  place  of  these  rays  in  the  spectrum,  their  relative  sensa- 
tion-producing power,  and    their    relative  amount  of    actinic 
influence,  are  physical  facts  ;  so  that,  following  the  data  given  by 
Maxwell,  Konig,  and  Abney,  one  can,  to  use  Mr  Ives'  own  words, 
"  by  the  photometric  measurement  of  the  density-curve  of  a 
spectrum  negative  "  find  the  relative  amount  of  reaction  by  the 
different  spectrum  rays.     "  It  is  therefore,"  he  continues,  "  only 
necessary,  in  order  to  secure  action  by  different  rays  in  any 
definite  proportions,  to  use  such  a  combination  of  sensitive  plate 
and  colour-screen  as  will  yield  a  spectrum  negative  having  a 
density-curve  corresponding  to  the  graphic  curve  representing 
such  proportionate  action."  ^ 

Let  us  call  the  three  paired  photographs  or  stereograms  A,  B, 
and  C  ;  the  negative  of  A  was  taken  by  interposing  between  the 
object  and  the  sensitive  plate  a  glass  of  such  colour  (yellow- 
orange)  that  only  those  rays  capable  of  exciting  the  fundamental 
red-sensation  acted  on  the  plate,  in  the  case  of  B  the  light  which 

*  Jovmal  of  Society  of  ArU^  May  27,  1892. 
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had  passed  through  an  anUine-yellow  glass  was  such  as  affected 
only  the  fundamental  green  sensation ;  and  C  was  illuminated,  in 
its  turn,  by  such  rays  as  excited  only  the  blue-violet-sensation, 
this  being  brought  about  by  the  use  of  a  green  glass  selective 
screen. 

We  have  really,  therefore,  not  merely  three  stereograms  or 
"  positives "  of  stereoscopic  photographs  (which  in  themselves, 
viewed  by  daylight,  show  no  colom',  but  are  like  ordinary 
positives  from  negatives  taken  in  daylight),  but  we  have  three 
such  records  of  the  natural  colours  of  the  object,  that  in  order  to 
reproduce  these  to  the  eye,  it  is  only  necessary  to  superpose  upon 
the  retinse  the  three  triple  images  illuminated  in  the  following 
way — that  representing  the  effect  of  the  fundamental  "red"- 
sensation  with  pure  red  light  (of  wave-length  as  at  line  C), 
that  representing  the  green-sensation  with  pure  green  light 
(wave-length  E),  and  that  representing  the  blue-violet-sensation 
with  pure  violet  light  (about  wave-length  G).  This  blevdrng  of 
the  three  images  lit  by  the  three  "  primary  "  coloured-lights,  ix., 
the  colours  characteristic  or  representative  of  the  three 
sensations,  wiU  excite  exactly  the  same  colour-sensations  as  did 
the  polychromatic  light  coming  directly  to  the  eye  from  the 
object  itself. 

Thus,  in  the  chromogram,  A  is  a  photographic  record  of  all 
entirely  red  things  and  of  such  parts  or  points  of  any  other 
things  that  reflected,  scattered,  or  in  any  way  transmitted  red  or 
allied  light  to  the  camera :  the  glass  used  as  a  selective  colour- 
screen  was  not  red  (for  red  things  looked  at  through  a  red  glass 
are  not  red  but  whitish),  but  yellow-orange  tinted  glass,  through 
which  red  things  look  most  intensely  red.  Analogously  for  the 
other  colours :  B  is  a  record  of  all  things  and  all  parts  of  things 
that  in  any  way  transmitted  green  or  allied  light  to  the  camera, 
and  C  is  such  for  the  violet.  A  "  primary  "  colour  is  one  which 
cannot  be  made  by  combining  any  other  coloured  rays:  red, 
green,  and  violet,  or,  in  popular  terms,  vermilion,  emerald-green, 
and  ultramarine,  are  these  colours,  and  with  these  we  can  form 
white  light,  and  every  possible  colour,  with  all  intermediate 
shades  and  tints  of  nature,  not  excepting  the  "saddest"  of 
aesthetic  huea  Thus  every  point  of  the  object  is  represented 
somewhere  in  the   chromc^am,  and   the    light  it    originally 
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reflected  is  now  provided  to  illmninate  it:  if  it  originally 
reflected  only  one  kind  of  coloured  ray — a  primary — it  can  find 
that  light  again  to  tint  it ;  if  it  reflected  two  or  three  kinds  of 
rays,  they  are  all  there  again  for  simultaneous  treatment  by  it 
The  crucial  test  is  in  the  case  of  colours  not  present  as  such  in 
the  spectrum,  e.g.,  the  purple  of  plums  or  grapes :  the  photo- 
graphs of  these  objects  are  combined  into  one  image,  as  of  solid 
plums  or  grapes,  now  lit  simultaneously  by  both  red  and  violet 
light — a  fusion  which  produces  the  sensation  of  purple ;  and  so 
on  for  all  other  shades  and  tints  of  colour.  To  quote  Ives' 
words — ^**The  three  images  of  the  chromogram  represent  the 
action  of  all  incident  light  upon  the  respective  fundamental 
colour-sensations,  and  the  light  by  which  each  image  is  illumi- 
nated in  the  lantern  or  heliochromoscope  represents  the  sensa- 
tion itself."  This  is  the  gist  of  the  whole  matter :  the  "  helio- 
chromoscope "  is  the  older  name  for  the  stereophotochromoscope, 
and  by  it  a  single  image  may  be  thrown  on  a  screen  instead  of 
the  double  one  into  the  eyes.  Of  course,  when  so  projected  on  to 
a  flat  surface  and  viewed  with  the  naked  eye,  as  in  a  lantern 
demonstration  to  a  large  number  of  people,  the  illusion  of  solidity 
in  the  coloured  picture  is  entirely  lost,  that  being  an  eCFect  due 
to  optical  contrivances  produced  by  its  very  nature  only  in  the 
brain  of  each  individual  looking  into  the  instrument.  While 
using  the  projection-lantern,  the  whitest  of  light — ^that  of  the 
electric  arc  if  possible — must  be  employed,  when  the  results  are 
very  satisfactory. 

To  those  conversant  with  the  practical  details  of  photography, 
a  criticism  will  at  once  suggest  itself: — ^How  can  the  three 
chromograms  be  taken  simultaneously  on  the  one  plate, 
seeing  that  the  time  of  exposure  for  red  light  is  much  longer 
than  for  any  other  colour  ?  This  is  a  difficulty  which  the 
inventor  overcomes  in  two  ways :  he  either  reduces  the  intensity 
of  the  other  two  more  active  colours  by  interposing  "  ground  " 
or  smoked  glass  in  the  path  of  their  rays,  or  he  employs  a  larger 
diaphragm  for  the  "  red  "  light  than  for  the  "  green  "  or  "  violef* 

What  strikes  one  on  looking  into  the  stereophotochromoscope 
is  the  brilliance  or  vividness  of  the  colours  of  the  object — an 
appearance  partly  due  to  the  image  being  seen  against  a  dark 
background,  and  partly  to  its  being  reduced,  or  less  than  '*  life  "- 
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size :  it  is  for  this  latter  reason  that  the  inverted  image  of  a 
coloured  object,  sharply  focussed  on  to  the  ground-glass  plate  of 
the  camera,  looks  so  clear  and  bright. 

I  have  hitherto  purposely  omitted  all  reference  to  the  purely 
optical  contrivances  in  these  two  instruments.  In  the  stereo- 
scopic camera  they  are  the  outcome  of  extensive  knowledge  of 
chemistry,  photography,  and  chromatics ;  in  the  other  instrmnent, 
of  as  practical  an  acquaintance  with  both  physical  and 
geometrical  optics.  In  the  Photochromoscope,  in  order  to  cause 
coincidence  upon  the  retina  of  the  three  coloured  images,  there 
are  employed,  besides  the  pure  colour  screens,  objective-glasses 
and  eye-pieces,  seven  mirrors — 4  of  silver,  3  transparent ;  each 
coloured  ray  undergoing  at  least  three  plane  reflections  before 
reaching  the  eye. 

In  a  physiological  laboratory  this  instrument  will  be  of  great 
value  in  demonstrating  the  physical  data  of  the  Young-Helm- 
holtz  theory  of  colour-vision  ;  while  it  will  be  used  by  scientific 
physicians  who  desire  to  have  a  more  accurate  record  than  even 
an  artist  can  give  them  of  the  colours  and  hues  of  lesions  in  skin 
diseases. 

To  the  ethnologist,  anthropologist,  geographer,  and  scientific 
explorer  it  will  also  be  of  great  service,  while  the  value  of  any 
invention  that  would  give  a  record  of  personal  chromatic  charac- 
teristics would  be  great  in  the  Criminal  Investigation  Depart- 
ment. 


ON  THE  EXTEENAL  CHAEACTERS  AND  SOME  PARTS 
OF  THE  ANATOMY  OF  A  BELUGA  {Ddphinapterm 
leucas).    By  John  Struthers,  M.D.,  LLD.    (Plate  IV.) 

This  Beluga  was  found  alive  in  the  salmon-fishing  nets  at  Dun- 
beath,  Caithness,  on  26th  April  1884,  and  by  the  active  kindness 
of  my  pupil,  Mr  Adam  Mackay,  was  secured  for  me  and  sent  on 
to  Aberdeen,  where  it  arrived  on  the  30th  in  good  condition.^ 
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^  From  Mr  Mackay  I  received  graphic  particulars  of  the  capture  and  activities 
of  the  Beluga.  It  was  still  alive  when  he  wrote  to  me,  and  lived  for  eight  hours 
after  the  capture.  Apparently  in  pursuit  of  the  salmon,  it  had  made  its  way  into 
the  inner  chamber  of  the  salmon  nets  at  the  mouth  of  the  river,  where  it  was  fonnd 
imprisoned  in  the  early  morning.  It  was  secured  with  difficulty  by  a  rope  round 
the  tail  and  a  ''clip"  in  the  blow-hole,  and  thus  towed  to  the  shore,  daring 
which  proceeding  it  nearly  succeeded  in  towing  the  boat  out  to  sea,  and  blinded 
the  fishermen  with  the  shower-bath  from  its  blow-hole.  It  was  then  fastened  to 
a  ring  in  the  wall  by  a  long  rope,  240  feet  long,  round  the  tail,  giving  it  freedom 
to  disport  itself  in  the  shallow  water  at  low  tide,  during  which  operation  it  made 
repeated  efforts  to  get  to  sea,  nearly  pulling  six  men  into  the  water,  and  in 
subsequent  efforts  to  get  to  sea  strained  the  strong  rope  to  the  utmost.  In  the 
absence  of  the  men,  the  boys  of  the  place  amused  themselves  by  teasing  it, 
making  it  "frantic,"  and  it  uttered  low  moans  like  the  grunting  of  a  pig.  but 
not  so  shrill.     In  frolic  the  boys  changed  the  fttstening  to  a  boat,  and  in  fear  of 
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(A)  External  Characters. 

Measurements. — Some  of  the  foUovmig  meaBurements  may 
appear  unimportant,  but  I  give  them  as  the  opportunity  was  a 
favourable  one  for  taking  them  accurately  in  a  fresh  condition. 


t 

1 

Feet. 
12 

Inches. 
5 

Total  length,  straight,  to  back  of  tail-fin, .... 

Length  to  same,  following  the  undulations  of  the  back,     . 

13 

•  •  • 

Tail-Jin, 

Tip  to  tip, 

2 

9 

Depth  of  cleft, 

•  •  • 

4 

Breadth,  greatest,  near  cleft, 

•  It 

12 

„        at  middle  of  each  lobe, 

•  ■  • 

9 

,,        at  half  way  between  middle  and  tip,    . 

■  •  > 

6 

Pectoral  fin. 

Length,  along  middle,  to  tip, 

1 

4 

„        along  curve  of  anterior  border,     .... 

1 

6 

,,                „         of  posterior  border,    .... 

1 

4 

„        from  where  anterior  border  joins  body,  straight, 

to  tip, 

„        from  wnere  posterior  border  joins  body,  straight, 

1 

5 

to  tip, 

1 

2 

Breadth  at  jnnction  with  body, 

•  •  • 

6 

,,        at  half  way  to  middle, 

•  «  • 

8 

„       greatest,  i  inch  in  front  of  middle. 

■  •  • 

lOi 

„        at  half  way  from  middle  to  tip,    .... 

•  •  • 

6 

Thickness,  greatest,  at  middle  of  proximal  half,  and  a 

little  in  front  of  middle  line  of  fin, 

•  •  • 

2 

Length  from  angle  of  month  to  pectoral  fin,       .        .        . 

2 

•  •  • 

Height  from  pectoral  fin  to  ridge  of  back. 

1 

6* 

ITead, 

Angle  of  mouth  to  angle  of  eyelids 

3 

1 

height, 

1 

6 

Month,  point  of  lower  jaw  to  angle, 

9 

Projection  of  upper  jaw  beyond  lower 

3 

Point  of  upper  jaw  to  cushion  of  forehead, 
Blow-hole,  from  point  of  upper  jaw,  straight,    . 

5 

1 

24 

„                 „                 „            along  the  curve. 

1 

6 

„         behind  vertical  line  from  eye,  .... 

•  •  • 

8 

its  escape  stabbed  it  in  the  belly.  Much  blood  was  lost,  and  the  beluga  became 
very  restless  and  moaned  continuously.  On  the  return  of  the  fishermen  from 
their  nets,  it  was  hauled  up  on  the  beach  above  tide-mark,  and  died  two  hours 
after  it  had  been  stabbed. 

The  beluga  was  carted  to  Wick,  a  distance  of  21  miles,  on  the  29th,  and  at 
once  shipped  for  Aberdeen,  where  I  received  it  next  day,  and  removed  it  to  the 
anatomical  rooms.  It  was  in  quite  fresh  condition ;  photos  were  immediately 
taken  and  the  measurements  made. 
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Transverse  diameters  and  circumferences,  mouth  closed  : 

At  middle  of  mouth,  diameter, 

„  ,,        circumference  (excluding  lower  jaw), 

At  angle  of  mouth,  diameter, 

,,  „        circumference, 

At  the  eyes,  diameter, 

„        ,,      circumference 

At  the  ear-holes,  diameter, 

,,  ,,         circumference, 

At  blow-hole,  midway  between  eye  and  ear-hole,  circum- 
ference,   

Eye  to  eye  over  top  of  head, 

Ear-hole  to  ear-hole  over  top  of  head,        .... 

Body  (between  head  and  tail-fin). 
Transverse  diameters  and  circumferences  : 

At  just  above  pectoral  fin,  diameter, 
Circumference  just  before  pectoral  fin,        .        .        . 
,,  ,,    behind         ,,  ... 

At  thickest  part  of  body  (5  feet  from  point  of  jaw  and 
2  feet  behind  pectoral  fin),  diameter, 
,,         ,,  ,,  circumference, 

At  6  J  feet  from  point  of  jaw,  diameter,      . 

,,  ,,  circumference. 

At  4  feet  from  back  of  tail-fin,  diameter, 

„  „  circumference,   . 

At  8  feet  ,,  diameter, 

circumference,   . 
(1  foot  in  front  of  lobe  of 
tail-fin),  diameter,  . 
,,  ,,  circumference, 

At  narrowest  part  (4  inches  in  front  of  tail-fin),  diameter, 

,,  ,,  ,,  circumference, 

Position  of  the  anus :  from  back  of  tail-fin, 
From  posterior  edge  of  pectoral  fin,  at  junction. 


Feet. 


At  2'feet 


>  i 

71 


3 
1 
3 
1 
8 

3 
1 
1 


1 
5 
5 

2 
6 
1 
6 
1 
3 


1 
3 
6 


Inches. 


6i 
1 

H 

2 

1 

6 

IS 

9 

8 

H 
lOJ 


7 
1 

54 


i 
10 

i 

4 

8 
7 

•  •  • 

3f 
5 

0 


For77i. — Referring  to  the  figure  (fig.  1),  the  following  eleva- 
tions and  concavities  are  seen  on  the  dorsal  outline.  At  the 
head ; — A  well-marked  wide  concavity,  |  inch  in  depth,  corre- 
sponds to  the  neck,  and  marks  off  the  head.  This  cervical 
concavity  remains  distinctly  present  in  all  positions  of  the 
head.  On  the  head  two  elevations  are  seen :  the  posterior,  the 
highest  part  of  the  head,  is  the  blow-hole  eminence;  the 
anterior,  or  *' forehead"  prominence,  rounded,  is  a  cushion  of 
fat.  Between  it  and  the  blow-hole  eminence  is  a  moderate 
concavity;  below  it  is  a  sharper  concavity,  sloping  rapidly  to 
point  of  the  jaw  or  lip.  The  projection  of  this  cushion  gives 
the  **  forehead "  appearance  and  the  blunt  form  to  the  anterior 
end  of  the  head. 
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On  the  body,  including  its  caudal  prolongation  to  the  begin- 
ning of  the  tail-fin,  are  seen  two  convexities :  (1)  The  anterior 
extends  from  the  cervical  concavity  backwards  fully  to  the 
middle  of  the  entire  carcase,  its  thickest  part.  This  long  con- 
vexity, rising  2\  inches  from  the  level  of  the  concavities  before 
and  behind  it,  is  the  part  which,  or  a  portion  of  it,  has  been 
regarded  as  a  rudimentary  dorsal  fin,  to  be  noticed  below. 
Behind  this  long  convexity  the  line  of  the  back  falls  rapidly 
down,  forming  a  wide  concavity,  If  inches  in  depth,  as  far  as 
to  opposite  the  anus.  (2)  The  posterior  convexity,  less  promi- 
nent, begins  here  and  corresponds  to  the  caudal  region  of  the 
spine,  and  goes  back  upon  the  caudal  fin  half  way  to  the 
cleft,  as  the  sharp  upper  ridge  of  this  laterally  compressed 
r^on  of  the  carcase  reaches  upon  the  caudal  fin  to  that 
extent. 

RivdivicTitary  dorsal  fin,  or  protibberance. — It  is  well  to  avoid 
using  the  name  "  dorsal  ridge  "  for  this  part,  as  that  term  has  a 
general  application.  This  part  has  been  regarded  as  a  rudi- 
ment of  a  dorsal  fin,  though  Beluga  cannot  be  said  to  have  a 
projection  giving  the  appearance  of  a  dorsal  fin. 

Of  this  part  Mr  Neill,^  describing  the  external  characters  of  the 
13  feet  4  inches-long  male  beluga,  of  which  Dr  Barclay  describes  the 
dissection,  says :  (p.  373)  "  On  the  middle  of  the  back,  as  in  other 
whales,  there  was  a  longitudinal  ridge,  partly  bony,  partly  soft " :  and 
(p.  374)  "  The  hard  part  of  the  dorsal  ridge  measured  in  length  1  foot 
4  inches  ;  and  the  soft  part  extended  nearly  3  inches  farther  at  both 
extremities." 

It  is  thus  described  by  Professor  Lilljeborg,  of  Upsala,  in  his  short 

notice  of  Beluga  :'^ — "  There  is,  on  the  middle  of  the  back,  as  a  rudiment 

of  a  dorsal  fin,  a  longitudinal,  rough,  compressed  protuberance,  about 

18  inches  long,  formed  by  the  skin,  on  which  the  epidermis  is  much 

liarder   than   elsewhere."     But  he  adds  that  his  description,  which 

appears  to  have  been  from  a  10^  feet-long  female,  is  '^  from  a  salted 

skin  from  Greenland,  of  which  the  head,  the  hind  part,  and  the  fore 

extremities  were  uninjured." 

In  regard  to  these  appearances,  I  have  no  note  of  any  part  of 
tills  long  convexity  being  rough  or  hard,  though  I  was  examin- 

I  "  Account  of  a  Beluga  or  White  Whale,  killed  in  the  Firth  of  Forth,  by  Dr 
Sarelay  and  Mr  Neill,"  1815.  Memoirs  of  the  Wemerian  Natural  History 
Society^  EdinhurgL,  vol.  iii. 

2    Synopsis  of  tlie  Cetacean  Mammalia  of  Scandinavia  {Sweden  and  Norway), 
lSai-62.    Bay  Society,  London,  1866.    Edited  by  Sir  W.  H.  Flower,  p.  242. 
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ing  the  parts  carefully.  There  was  no  definite  b^mning  or 
ending  to  the  convexiiy,  compoBed  of  skin  and  blubber,  and  over 
2  feet  is  a  long  base  to  assign  for  a  rudimentary  dorsal  fin  in  an 
only  12^  feet-long  cetacean.  On  the  other  hand,  even  in  up- 
standing dorsal  fins  there  is  no  sharp  limit  at  the  base.  What  I 
noticed  here,  not  referred  to  by  the  authors  above  quoted,  was 
a  very  marked  groove  at  each  side  of  the  eminence,  seen  from  the 
side  as  well  as  from  above.  From  the  top  of  the  convexity  to 
the  bottom  of  the  groove,  along  the  sloping  side  of  the  eminence, 
is  5  inches.  This  ditch  on  each  side  suggests  the  idea  of  a 
speciEd  fin-like  projection,  but  the  groove  is  continued  all  the 
way  back  on  the  caudal  region  too,  at  about  3  inches  down  from 
the  median  ridge.  The  meaning  of  this  long  bilateral  groove, 
extending  all  along  the  dorsal,  lumbar,  and  caudal  regions  of 
the  spine,  may,  perhaps,  be  found  on  examination  of  the  pro- 
cesses of  the  vertebne  or  of  the  muscles  upon  them. 

The  gemral  form,  as  represented  in  figure  1,  gives  much  less 
height  at  the  middle  third  in  proportion  to  the  length  than  in 
the  figure  given  by  Neill  and  Barclay,  well-known  from  being 
reproduced  in  Bell's  History  of  British  Quadrupeds  and  other 
works.     It  was  from  a  sketch  by  au  artist.^ 

I  have  made  due  allowance  for  the  compression  at  the  abdomen 
from  the  position  of  the  carcase  when  the  photographs  were 
taken,  and,  with  that  addition  to  the  convexity  below,  give  the 
figure  as  a  true  representation  of  the  general  form  of  this  beluga. 

Colour. — ^The  young  beluga  is  said  to  be  at  first  mottled 
greyish-brown,  then  becoming  entirely  white.  This  beluga  is 
pure  milk-white  throughout,  a  beautiful  creature.  The  thin 
posterior  edge  of  the  pectoral  fin  and  thin  posterior  edge  of  the 
tail-fin  are  apt  to  become  dusky  from  drying.  When  the  outer 
epidermis  has  been  detached  in  patches,  or  cuts  made  into  the 
deeper  epidermis,  the  exposed  parts  become  reddish  after  a  time, 
and  this  might  mislead. 

'  Their  figure,  judging  by  my  beluga,  is  too  swollen  at  the  middle,  both  the 
ventral  and  dorsal  lines  too  bulging,  too  artistically  uniform.  There  is  no  dis- 
tinction of  curyatores  of  the  back  behind  the  cervical  concavity,  and  the  dis- 
tinctive form  of  the  caudal  region  of  the  body  is  not  indicated  ;  nor  is  the 
distinction  between  the  forehead  cushion  and  the  blow-hole  eminence  ahowHy — ^the 
latter,  indeed,  is  not  indicated  at  all.  In  their  figure  the  greatest  height  is  to 
the  length  as  about  1  to  4,  in  mine  it  is  as  about  1  to  5J, 
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Skin. — Little  need  be  added  to  Dr  Barclay's  account  of  the 
8kin.i  In  this  beluga  the  deep  soft  epidermis,  seen  through  the 
thin  outer  epidermis,  is  about  ^  inch  thick ;  at  the  top  of  the 
dorsal  protuberance  rather  thinner,  at  the  dorsal  groove  thicker 
(Y^).  On  raising  the  epidermis,  close-set  fine  filaments  are  seen 
entering  it  from  the  cutis  vera,  like  filiform  papillae;  the  deepest 
part  is  striated  vertically,  and  has  a  pink  tint  near  the  cutis, 
increased  to  red  on  exposure ;  the  outer  part  of  the  soft  epi- 
dermis is  pure  milk-white,  and  tends  to  stratify  transversely. 
Cutis  vera  i^  to  |  inch  in  thickness. 

Mviber. — The  blubber  was  about  an  inch  thick,  not  different 
from  that  of  other  cetaceans,  a  jelly-like  mass,  firm  enough  to 
keep  its  form,  and  of  cream-yellow  colour.^ 

FaXiy  cushion  of  the  forehead, — This  large  soft  mass  is  seen 
to  be  4  inches  in  depth,  3  inches  of  it  blubber,  the  deeper  part 
the  origin  of  a  strong  muscle,  radiating  forwards  into  the 
cushion  and  upwards  and  backwards  towards  the  respiratory 
passages 

On  longitudinal  and  transverse  section,  the  cutis  vera  between  the 
blow-hole  and  the  cushion  appears  greatly  thickened,  looking  like  a 
cap  on  the  head,  2  inches  thick  behind,  diminishing  forwards  to  the 
front  of  the  cushion ;  in  longitudinal  section  like  a  sickle,  in  transverse 
section  like  a  crescent.  This  fibrous  cap,  however,  is  but  the  tran- 
sition from  cutis  to  blubber,  giving  the  blubber  a  strong  stringy  con- 
nection to  the  cutis.  Then  comes  the  usual  soft  blubber  forming  the 
bulk  of  the  cushion,  through  which  the  tendinous  continuations  of  the 
radiating  muscle  pass  to  be  attached  to  the  cutis  of  the  cushion  and 
the  fibrous  cap.     This  muscle  will  have  the  action  of  keeping  the  fatty 

^  He  notices  the  distinction  between  the  thin  outer  epidermis,  thin  as  writing- 
paper,  transparent  when  dried,  becoming  opaque  when  moistened,  and  the  deeper 
epidermis,  as  if  of  two  layers  of  equal  thi<;kne8s,  together  rather  more  than  \  inch 
thick ;  the  outer  stratum  white  as  milk,  and  without  fibrous  or  membranous 
structare  ;  the  deeper  stratum  darker,  vertically-fibred  and  irregularly  laminated. 
*  Mr  Neill  says  the  blubber  was  '*  in  general  about  S  inches  thick  "  ;   Dr 
Barclay  says  "in  several  places,  some  inches  deep,"  and  "of  a  greenish  colour, 
arising  from  a  fluid  and  limpid  oil,  that,  instead  of  adeps,  was  here  diffused  in 
large  quantities,  through  that  part  of  the  cellular  texture  interposed  between  the 
cutis  and  muscles,"  and  he  likens  it  to  the  green  fat  of  the  turtle.     This  condition 
of  the  blubber  was  probably  owing  to  putrefaction,  the  fat-cells  decom|K>sing  and 
Allowing  their  contents  to  escape.     In  beginuiug  his  account  of  the  dissection  he 
mentions  "  the  putrid  state  of  the  body."    Their  beluga  may  possibly  have  been 
in  better  condition  than  mine.  'Theirs  was  killed  early  in  June,  mine  near  the 
end  of  ApriL 

VOL.  XXX.  (n.s.  vol.  X.)  I 
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cushion  firm  on  the  head,  besides  any  action  its  posterior  bundles  may 
have  on  the  walls  of  the  respiratory  cavities  at  and  below  the  blow- 
hole.i 

Ear-hole  and  passage, — The  aperture  of  this  very  interesting 
vestige,  though  very  small,  was  easily  recognised  in  the  usual 
position,  on  a  Une  from  the  eye  to  the  attachment  of  the  pectoral 
fin,  here  6  inches  behind  the  eye.  It  is  seen  in  the  figure  as  a 
minute  point  in  that  position.  The  meatus  goes  straight  in  for 
If  inches,  with  soft  walls,  easily  dissected  from  the  surrounding 
blubber ;  then  follows  a  cartilaginous  stage,  about  \  inch.  The 
meatus  has  two  rounded-off  rectangular  bends,  one  where  the 
two  stages  meet,  the  second  on  the  cartilaginous  stage,  giving  a 
sigmoid  course.  Tissue  to  the  naked  eye  extremely  like  longi- 
tudinal muscular  fibre,  round  the  first  stage,  was  found  on  exami- 
nation with  the  microscope  to  be  only  blood-stained  fibrous 
tissue. 

Perineum, — ^The  parts  seen  at  the  surface  here  are: — ^From 
behind  forwards,  mesially,  the  anus;  6  inches  in  front  of  the 
anus  the  vagina,  but  the  vulva  begins  immediately  in  front  of 
the  anus;  orifice  of  urethra;  then  for  3  inches  the  clitoris; 
then  the  blind  fissure  of  the  vulva  for  9  inches.    Laterally,  the 

^  Muscles,  spiraeular  cavity  arid  its  sacs. — I  had  not  time  to  examine  these 
parte  fully,  but  may  mention  what  I  noted.  These  parts  have  been  fully  described 
by  Dr  Murie  in  Globicephalus  melas  in  his  elaborate  and  valuable  memoir  on  that 
species  (1867,  Trans.  Zoo.  Soe.,  London,  vol.  viii.),  and  I  compared  what  I  saw  in 
this  beluga  with  his  figures  of  the  muscles.  I  did  not  see  any  longitudinal  mnscle 
here,  such  as  those  figured  by  Dr  Murie  (N,  Z,  fig.  63,  and  N,  I,  1,  2,  fig.  64), 
but  saw  the  lateral  niUM-le  (L,  /,  5,  a,  n,  fig.  64,  or  L,  s,  p,  fig.  65)  passing  up- 
wards and  inwards  towards  the  blow-hole  and  spiraeular  cavity,  in  continuity 
with  the  radiating  mnscle  above  noted. 

As  the  sacs  connected  with  the  spiraeular  cavity  appear  to  vary  in  different 
species  (in  regard  to  which  see  the  Memoir  of  Dr  Murie  above  referred  to),  I  note 
what  I  saw  of  them  in  Beluga,  without  giving  names  implying  their  homology. 
Blow-hole  ;  crescentic  opening,  concavity  forwards,  2J  to  24  inches  measured 
straight.  Two  pair  of  ^^ars  opening  from  spiraeular  cavity.  First  pair. — Aper- 
tures about  IJ  inch  in  size,  and  about  2  inches  apart,  proceed  from  fore  part  of 
sides  of  spiracul'ir  ciivity  ;  length  of  sac  SJ  inches,  breadth  about  8  inches,  re- 
taining size  apparently  to  Mind  end  ;  directed  downwards,  outwards,  and  forwards. 
These  sacs  lie  at  1^  iijches  from  the  skin,  and  upon  a  niUNcle  similar  to  that 
referred  to  above  as  nmrked  L,  I,  s,  a,  n,  in  Dr  Murie's  Memoir  on  Globicephalus. 
Second  pair. — Deeprr,  c  o^-e  to  surface  of  bone,  lower  boundary  of  aperture  is  the 
edge  of  the  bone ;  length  about  8  inches,  breadth  2^,  exten«l  crescenticallj  on 
outer  side  of  nasal  ap<'rtiin%  sliape  like  hoof  of  ox.  Only  thin  septum  between 
them,  formed  by  meeting;  of  their  transversely-ridged  mucous  membrane. 
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mamTMiTy  fissure  is  seen  1 J  inches  from  the  vulva  and  opposite 
the  vagina ;  the  right  2 J,  the  left  3  inches  in  length,  but  the 
nipples  are  of  equal  size.  Other  longitudinal  fissures  are  seen ; 
one  an  inch  external  to  each  mammary  fissure,  and  of  about  the 
same  length  as  it ;  one  an  inch  internal  to  each  mammary  fissure ; 
and,  on  the  right  side  only,  one  between  the  latter  and  the 
mammary  fissure.  Those  internal  to  the  mammary  fissure  are 
shallow,  that  external  to  the  mammary  fissure  is  deeper  but 
blind.  The  umbilicus  is  3  feet  4  inches  in  front  of  the  anus ; 
appearing  as  a  firm  depression,  with  a  fissure  before  and  behind 
it,  each  some  inches  in  length. 

(B)  Dissection  and  Anatomy  of  some  Parts. 

My  notice  of  the  viscera  is  unavoidably  scanty.^  That  is  the 
less  to  be  regretted  as  we  have  a  full  and  valuable  account  of 
the  viscera  of  Beluga  by  the  late  Professor  Morrison  Watson  and 
Professor  A.  H.  Young,  of  Manchester,  in  their  account  of  the 
dissection  of  an  8  feet  7^  inches-long  female  beluga.^  Their 
account  relates  chiefly  to  the  visceral  anatomy,  touching  little 
on  the  points  chiefly  considered  in  this  paper.  In  regard  to  the 
viscera,  I  notice  only  what  I  noted  before  removing  them  to  the 
museum,  and  in  so  far  as  I  find  that  what  was  noted  dijQfers 
from  their  account  or  occasionally  supplements  it.  Had  I  seen 
their  account  before  making  the  dissection  my  attention  would 
have  been  directed  to  points  in  comparison. 

Intestines. — No  caecum  ;  intestine  diminishes  backwards  to  rectum, 
this  perhaps  from  early  part  being  full  and   later  part  empty,  but 

^  In  apology  for  that,  aud  for  the  unequal  treatment  of  the  anatomy  of  the 

several  parts  of  this  bt>lu^,  I  desire  to  mention  that  the  dissection  was  made 

iiii<ler  great  pressure  for  time,  the  beluga  having  come  in  when  I  was  engrossed 

teaching.     I  had  no  choice  but,  after  a  rapid  examination  of  the  viscera,  to 

T  them  to  the  museum,  in  the  hope  of  finding  leisure  for  further  examina- 

tion  of  them.    The  following  parts  of  this  beluga  were  placed  in  the  Anatomical 

jf  tusenra.     The  skeleton  ;  sections  of  the  skin  and  blubber  at  the  rudimentary 

dorsal  fin  and  groove,  and  at  other  parts  ;  antero-posterior  sections  of  the  tail-fin  ; 

peri D earn,  showing  the  mammary  and  other  fissures ;  pelvic  bones  with  surround- 

ixts   parts  ;  the  eyes ;  the  ears,  external,  middle,  and  internal ;  heart  with  great 

^^ssr-]5s  ;  larynx  witli  tracliea  and  lungs  ;  tongue  ;  stomach  ;  portions  of  intestine 

at  several  stages  ;  left  kidney  ;  uterus,  ovaries  and  broad  ligaments. 

s  «'  1*he  Anatomy  of  the  Northern  Beluga,  compared  with  that  of  other  Whales," 
XrtMMS.  -Bay*  Soc.  Edin,,  toI.  zxiz.,  1879. 


132  DR  JOHN  STRUTHBRS. 

seems  natural.  Length  91  feet.  Transverse  folds  of  the  mucous 
membrane,  like  valvulae  conniventes,  along  first  half  of  intestine 
numerous  and  large,  but  about  middle  of  entire  gut  have  become  not 
quite  so  numerous  or  so  large  ;  at  about  midway  between  this  and  the 
end,  they  are  faint  but  numerous;  within  12  inches  of  anus,  no 
valvule,  mucous  membrane  smooth. 

The  length  of  the  intestine  was  found  by  Professors  Watson  and 
Young,  in  their  8  feet  7 J  inches-long  beluga,  to  be  only  54  feet ;  by 
Dr  Barclay,  in  his  13  feet  4  inches-long  one,  85  J  feet.  That  is,  in 
both,  a  proportion  to  the  total  length  of  the  animal  of  about  6^  to  1 ; 
while,  in  my  12  feet  5  inches-long  one,  the  proportion  would  be  about 
7J  to  U 

An  interesting  point  is  the  extensive  occurrence  of  folds  of 
the  mucous  membrane  in  the  transverse  direction,*  and  appears 
to  contrast  with  the  arrangement  of  the  folds  mostly  in  the 
loTigitudinal  direction  in  the  Balaenoptera.  In  the  14J  feet- 
long  B.  rostrata  I  dissected  in  1870,  the  whole  67 J  feet  of  the 
small  intestine  had  extensive  foldings  of  the  mucous  membrane  ; 
along  the  upper  §  the  longitudinal  folds,  6  or  7  in  number  in 
the  breadth  of  the  slit-open  intestine,  had  secondary  transverse 
wavings ;  in  the  lower  J  the  transverse  foldings  predominated, 
forming  a  close  succession  of  transverse  plaitings.     In  the  dried 

'  Mnch  depends  on  the  way  the  intestines  are  measured.  When  tried  along  the 
gut  as  conyoluted,  the  proceeding  is  ancertain  ;  when  done  with  the  intestines  laiil 
out  on  the  table,  a  good  deal  depends  on  the  closeness  with  which  the  mesentery 
has  been  cut  off.  But,  not  unaccustomed  to  guard  against  the  latter  souroe  of 
error,  I  found  91  feet  to  be  the  fair  length  of  the  intestine  in  my  beluga. 

*  They  are  more  exactly  described  by  Professors  Watson  and  Young  (ioc  eit. ,  p. 
405)  as  beginning  to  appear  1  inch  beyond  the  point  of  entrance  of  the  oombinetl 
hepatic  and  pancreatic  ducts.     *'  At  first  small  and  faintly  marked,  they  rapidly 
become  valvulse,  and  form  circular  valye-like  projections,  measuring  j  of  an  inch 
in   depth,  attached  to  the  entire  circumference  of  the  gut.     These  large  folds 
alternate  with  others  of  smaller  size,  which  do  not  extend  round  the  entire  gut. 
The  larger  valvuls  are  found  along  the  upper  half  of  the  intestine,  but  below 
this  they  become  smaller  and  less  regularly  disposed.     In  the  lower  9  feet  of  the 
gut  they  are  scarcely  recognisable."    This  description  might  almost  pass  for  tbat 
of  the  arrangement  of  the  yalvulte  conniveutes  in  the  small  intestine  of  man,  in 
whom  they  diminish  along  the  third  quarter,  and  are  usually  absent  in  about  the 
last  quarter,  more  or  less,  of  the  length  of  the  small  gut,  but  nowhere  going 
entirely  round. 

Dr  Murie  {pp.  dt.^  p.  289)  notes  the  arrangement  of  these  folds  in  Olobic^ohalu* 
melas :  Intestine  97  feet  4  inches  in  length,  being  9  times  the  length  of  the 
animal.  Valvulse  conniventes  seen  as  "  great  transrerse  folds  "  for  first  6  or  7 
feet,  beginning  in  lower  part  of  duodenum  ;  continue  along  about  next  36  feet, 
uninterruptedly  but  becoming  smaller  ;  then  show  reduction,  with  partial  lonjei- 
tndinal  and  oblique  intersecting  folds  ;  then  for  40  feet  or  more,  longitudinal 


ANATOMY  OF  A  BELUGA.  133 

and  distended  preparations  taken  from  the  several  stages  of  the 
small  intestine  of  that  B.  rostrata,  neither  longitudinal  nor 
transverse  ridges  appear ;  but  the  transverse  folds  in  the  dried 
colon,  beginning  faintly  in  the  caeeum,  are  very  fully  seen,  as 
both  the  valvulae  couniventes  of  the  small  inteetine  and  the 
crescents  of  the  colon  are  in  dried  and  distended  preparations 
of  the  human  small  intestine. 

This  appears  to  raise  a  doubt  as  to  whether  these  folds  in  the 
cetacea  do  not  belong  only  to  the  collapsed  or  empty  condition 
of  the  small  intestine.  This  question  had  been  before  the 
thoughtful  mind  of  John  Hunter,  and  he  had  concluded  that 
the  folds  do  not  entirely  depend  on  the  action  of  the  muscular 
coat^ 

But  that  these  marked  foldings  of  the  cetacean  intestinal 
mucous  membrane  do  not  depend  on  the  state  of  the  muscular 
coat  at  death  or  on  the  full  or  collapsed  state  of  the  gut,  will  be 
evident  when  we  reflect  that  valvulae  couniventes  are  not  seen 
in  the  lower  part  of  the  human  ileum  in  any  of  its  conditionfi, 
nor  in  either  the  jejunum  or  ileum  of  quadrupeds.  When  I  had 
these  numerous  and  marked  foldings  in  B.  rostrata  before  me  I 

folds  the  moet  marked,  running  in  pairs,  nearly  parallel  but  sinuous,  united  by 
short  transverse  folds ;  within  about  3  feet  of  anus,  the  longitudinal  parallel 
folds  increased  in  size,  the  short  transverse  and  oblique  rugse  relatively 
diminished. 

On  this  interesting  point  in  the  anatomy  of  the  cetacea.  Sir  William  Flower 
remarks,  in  his  "Lectures  on  the  Comparative  Anatomy  of  the  Organs 
of  Digestion  in  Mammalia"  {MediccU  TimM  and  Oazette,  October  1872, 
p.  428),  of  the  toothed  cetacea : — ''  The  absorbent  lining  surface  of  the 
small  intestine  is  vastly  increased  by  prominent  folds  or  ridges,  formed  as  the 
valvoln  couniventes  in  man,  but  more  longitudinally  instead  of  transversely  " ; 
and  of  whalebone  cetacea  : — *'  The  lining  membrane  of  the  alimentary  canal  has 
always  some  arrangement  for  increasing  its  surface,  either  by  transverse  or  longi- 
tudinal folds.  These  attain  their  greatest  degree  of  complication  in  the  long- 
fionad,  or  hump-backed,  whale  (Megaptera),  where  there  is  a  cellular  structure 
something  like  that  of  Hyperoodon." 

1  "Observations  on  the  Structure  and  (Economy  of  Whales,"  Philosophical 
Tratuaetions,  1787  ;  more  accessible  in  the  reprint  in  Palmsr*3  ed.  of  the  Works 
of  Hunter,  toUh  Notes  by  Owen,  1887  ;  see  vol.  iv.  p.  860.  Of  the  arrange- 
ineot  in  B,  rostrata^  Hunter  says  ( *'  Essays  and  Obsv^ations,"  edited  by 
Sir  Richard  Owen,  1861,  vol  ii.  p.  115),  "  Ilie  inner  surface  of  the  duodenum 
is  thrown  into  longitudinal  rugs  or  valves,  which  are  at  some  distance  from 
each  other,  which  receive  lateral  abutments.  The  inner  coats  of  the  jejunum 
and  ilenm  are  thrown  into  irregular  rugae,  which  will  vary  according  as  the 
muscular  coat  of  the  intestine  acts  ;  yet  I  do  not  believe  that  their  form  eutii-ely 
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noted  that  they  appeared  to  increase  the  sorfaoe  much  more 
than  the  yalvnlae  conniventes  do  in  man,  in  whom  they  may  be 
reckoned  as  doubling  the  surface.  The  occurrence  of  these 
foldings  in  one  or  other  form  is  a  remarkable  feature  in  the 
cetacean  oeconomy.  Their  occurrence  in  man,  in  contrast  with 
quadrupeds  and  anthropoids,  may  be  regarded  as  an  adaptation 
to  the  erect  posture ;  in  the  cetacea  the  adaptation  may  be  put 
more  generally,  as  giving  a  less  projecting  abdomen,  offering  less 
resistance  to  locomotion  in  water. 

Kidneys. — In  Professors  Watson  and  Young's  beluga,  they  were  9 
inches  in  length,  with  average  breadth  of  3^  inches.  In  this  larger 
beluga,  they  have,  length  17  inches,  breadth  5|,  thickness  2^,  and 
weighed  4  lbs.  4  oz.  each.  Supplied  by  two  large  arteries,  one  in 
front,  on&  behind.  There  was  a  large  thick-walled  chronic  abscess, 
as  large  as  the  kidney,  between  the  right  kidney  and  the  lumbar  wall, 
but  unconnected  with  the  kidney,  which  had  the  same  size  and 
weight  as  the  left.     The  posterior  artery  passed  through  the  abscess. 

Lungs. — As  very  general  in  the  cetacea  no  division  into  lobes  on 
the  surface  ;  but,  on  inflating  the  accessory  bronchus  of  the  right  and 
the  early  bronchial  branch  of  the  left^  an  isolated  anterior  part  of 
each  lung  is  distended,  about  12  of  the  26  inches  of  the  length  of  the 
lung  on  the  outer  side.  The  raised  border  limiting  the  inflated  part 
has  the  same  direction  as  the  great  fissure  of  the  human  lung,  i.e.,  what 
would  be  downwards  and  forwards  in  the  human  body.  This  seems 
to  show  that  there  is  no  communication  between  the  divisions  of  the 
accessory  bronchus  and  those  of  the  chief  bronchus.  In  collapsed 
condition,  lungs  wrinkled  on  surface.  Pleura  easily  raised  and  dis- 
sected off  with  handle  of  scalpel ;  the  portions  thus  raised  very 
elastic.  There  is  some  condensation  of  the  left  lung  as  it  sinks  in 
water  while  the  right  swims,  and  it  is  heavier  and  feels  more  solid  in 
the  hand  than  the  right. 

The  great  ArteiHes. — Right  innominate  arises  7  inches  from  b^^- 

depends  on  that  circumstance  ;  they  rather  run  longitudinally,  and  are  thrown 
into  a  serpentine  course,  when  the  gut  is  shortened  by  the  contraction  of  the 
longitudinal  muscular  fibres  of  the  gut.  The  colon  and  rectum  have  very  flat 
rugee ;  these  seem  to  depend  on  the  contraction  of  the  gut  entirely.'*  Of  the 
arrangement  in  some  other  cetacea,  Hunter  says,  in  his  Observation  above 
referred  to,  1787,  p.  861  : — *'The  intestinal  canal  of  the  porpoise  has  several 
longitudinal  folds  of  the  inner  coat  passing  along  it  through  the  whole  of  its 
length.  In  the  boUle-noee  the  inner  coat,  through  nearly  the  whole  track  of  the 
intestine,  is  thrown  into  large  cells,  and  these  again  subdivided  into  snialler  ; 
the  axis  of  which  cells  ia  not  perpendicular  to  a  transyerse  section  of  the  intestine, 
but  oblique,  forming  pouches  with  the  mouth  downwards,  and  acting  almoat 
like  valves  when  anything  is  attempted  to  be  passed  in  a  contrary  direction : 
they  begin  faintly  in  the  duodenum,  before  it  makes  its  quick  turn,  and  termiiuiie 
near  the  anus." 
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ning  of  aorta,  left  innominate  after  interval  of  1^  inches ;  remains  of 
ductus  arteriosus  attached  at  5  inches  heyond  left  innominate.  Two 
large  branches  from  aorta ;  one  half-way  between  left  innominate  and 
ductus,  size  of  large  injected  human  brachial  artery;  the  other 
opposite  the  ductus,  from  convexity  of  aorta,  very  large,  fully  size 
of  ij^jected  human  common  carotid.  In  the  parts  removed  w\th  the 
heart  there  was  only  1^  inches  of  left  innominate  trunk.  Each  innomi- 
nate gives  o£F  a  branch,  on  deep  aspect,  1^  inches  from  origin;  right, 
size  of  goose-quill,  left,  size  of  crow-quUL  EiglU  innomincUe  con- 
siderably larger  than  left  (diameter,  outside,  1^  as  against  j-|  inch, 
thickness  of  wall  about  ^  inch);  length  before  division  3  inches; 
its  divisions,  common  carotid  and  subclavian,  are  of  about  equal 
diameter  (j^|  inch).  Bight  mhclavtan  has  remarkable  dilatation,  as 
capacious  as  hen's  egg  (length  2^  inches)  but  shape  of  bent  cone  ^nd 
somewhat  flattened,  the  bulging  on  three  sides,  not  on  concavity. 
Where  divided,  just  beyond  dilatation,  diameter  of  subclavian  ^  inch, 
interior,  and  wall  only  half  the  thickness  of  that  of  common  carotid. 
Two  branches,  cut  close  to  their  origin,  arise  from  the  dilatation  ;  one 
from  concavity,  towards  outer  part  of  dilatation,  size  of  human 
common  carotid;  the  other,  crow-quill  size,  further  on,  from  deep 
aspect 

Fagtu  and  recurrent  laryngeal  nerves, — Left  recurrent  hooks  round 
below  ductus  arteriosus,  as  in  man ;  is  as  large  as  human  vagus  in 
neck.  Vagus  is  as  large  as  human  internal  popliteal  nerve.  Bight 
recurrent,  as  in  man,  hooks  round  below  right  subclavian. 

Coronary  arteries. — Left  much  larger  than  right.  In  preparing  the 
heart  I  threw  in  spirit  by  the  left  coronary,  and  noticed  that  it  did 
not  return  by  the  open  pipe  in  the  left.  This  seems  to  accord  with 
the  view  maintained  by  Hyrtl  that  the  coronary  arteries  do  not 
anastomose,  except,  as  he  once  remarked  to  me,  by  the  capillaries ; 
here  it  would  seem  not  even  by  the  capillaries.  Though  I  would  not 
give  this  incidental  observation  as  decisive,  the  trial  was  fair. 

Food, — In  the  first  stomach  were  found  many  bones  of  fish, 
apparently  of  small  cod  but  I  was  not  certain  as  to  that;  many 
ear-bones  of  fish ;  and  many  crystalline  lenses  of  the  eye.  The 
food  evidently  had  been  fish.  Whatever  may  be  the  kind  of  fish  pre- 
ferred by  Beluga  in  its  more  northern  habitat,  salmon  would  seem  to 
be  a  favourite  when  it  strays  to  the  Scottish  coast.  This  one  had 
pursued  salmon  into  the  net  set  for  them ;  the  one  the  capture  and 
skull  of  which  (a  female  12^  feet  long)  is  noticed  by  Sir  William 
Flower  (Pro,  Zoo.  Soc.,  1879,  p.  667)  was  taken  close  to  the  salmon 
nets  on  the  Sutherlandshire  coast,  caught  by  the  tail  between  two 
posts ;  and  the  NeUl  and  Barclay  one  had  been  seen  for  three  months 
awimmmg  up  and  down  in  the  upper  reaches  of  the  Firth  of  Forth, 
supposed  to  be  in  pursuit  of  salmon.  The  contents  of  the  stomach 
are  not  mentioned  by  Barclay;  in  Flower's  case  the  contents  were 
reported  to  him  as  '*  a  few  flakes  of  fish,  which  from  size  and  colour 
might  have  been  salmon."  According  to  Van  Beneden  {loe  cit,,  1889), 
the  food  of  Beluga,  besides  fishes,  consists  "  de  C^phalopodes  et  de 
Grustac^s,  qu'il  cherche  au  fond  de  la  mer  k  des  grandes  profondeurs." 
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Tongue. — All  that  it  would  occur  to  me  to  call  tongue  is  the  fint  6 
inches ;  anterior  4  inches  whitish  and  quite  smooth ;  the  next  two 
inches  a  triangular  area^  apex  backwards,  with  numerous  small  gland- 
openings,  but  no  free  papillee  anywhere  and  no  circum vallate  papillae ; 
the  boundary  of  the  triangular  area  presents  fissures.  The  succeeding 
5  inches  of  post-lingual  region,  until  the  white  oesophagus  begins,  has 
numerous  gland-openings,  is  soft  and  dark  red,  but  firmer  and  white 
at  the  sides ;  and  below  the  surface  is  a  rete  mirabile  from  which  a 
very  large  amount  of  blood  poured  out. 


Teeth. 

The  teeth  of  Beluga  are  interesting  in  their  arrangement 
and  adaptation,  and  from  the  worn  conditions  they  present 
Their  number  is  variously  given  by  authors."  The  number  in 
this  beluga  was,  on  each  side,  10  upper,  9  lower. 

Observation  of  the  alveoli  in  skulls  of  Beluga  shows  well  the 

^LUlJeborg  (op.  cit,  1861-62,  p.  243).     "Teeth  10-9,  8-8,  obtuse,  and  worn 
down." 

Van  Bmedm  and  Gervaia  (op.  cit.,  1880,  p.  685).  *'  On  en  compte  de  7  k  10 
paires  sup^rieures  dans  les  cr&nes  que  nous  avons  sous  les  yeux  ;  inais  le  nombre 
ne  s*en  r^p^te  pas  toujours  r^guli^rement  k  droite  et  k  gauche  ;  le  plus  g^nerale- 
ment  il  existe  8  paires  de  dents  inf<6rieures.  Les  sup^rieures  sont  pench^es  en 
ftvant,  les  inf^rieures  en  arri^re."  In  their  reference,  on  the  same  page,  to  "  Cer- 
tains ezemplaires  possMent  une  paire  d'incisives  sup^rieures,"  it  is  not  clear 
whether  they  mean  merely  the  anterior  of  ten  upper  teeth,  or  an  incisor  proper 
lodged  in  the  transverse  part  of  the  intermaxillary,  in  the  vestigial  socket  men- 
tioned below  in  my  remarks  on  the  alveolL  In  the  latter  meaning,  the  number 
of  upper  teeth  would  fall  to  be  reckoned  as  11.  They  finish  with  : — "  Je  trouve 
9  germes  de  dents  maxillaires,  plus  le  germe  d'une  incisive  k  la  m&choire  sup^ri- 
eure  du  foetus  du  Beluga  (PI.  ilii.  fig.  1)  et  9  germes  de  dents  infMeares.'* 
Their  artist  has,  in  the  figure  referred  to,  probably  by  mistake,  represented  11  or 
12  in  the  upper  and  11  in  the  lower. 

Flower  ("  On  the  Characters  and  Divisions  of  the  Family  Delphinide,"  Pro, 
Zoo,  Soc,y  1883,  p.  505).  **  Teeth  f  to  1{."  In  the  beluga  taken  on  the  Suther- 
landshire  coast,  in  1879,  he  found  the  number  of  the  teeth  to  be,  20  upper,  16 
lower.     (Pro.  Zoo.  Soe.f  1879,  p.  667.) 

Fan  Beneden  {Bulletins  de  VAeademie  royale  de  Belgique,  1885,  p.  27  ;  and  in 
vol.  of  Reprints,  '*  Histoire  Naturelle  des  C^tac^  des  mers  d'Europe,  par  P.  J. 
Van  Beneden,"  1889,  p.  629).  "  Les  dents  varient  de  7  ^  10  ;  ce  sont  les  ex- 
tremes ;  on  en  trouve  le  plus  souvent  de  8  k  10  de  chaque  c6te  et  4  chaque 
mftchoire."  Further  on  (p.  631)  he  says  — *'  Les  dents  sont  oommun^ment  de  8  4 
la  m&choire  inf^eure,  de  9  on  10  k  la  mftchoire  sup^rieure." 

Amid  these  various  statements  there  is  want  of  definite  evidence  that  the  num- 
ber in  the  lower  jaw  exceeds  9  ;  or  that  in  the  upper  jaw  10,  unless  there  has 
been  a  rudimentary  incisor.  So  it  was  in  my  beluga,  9  erupted  lower  teeth,  no 
concealed  tooth  behind ;  9  erupted  upper  teeth,  with  a  concealed  10th  behind ; 
aud,  possibly,  a  vanished  rudimeutary  incisor,  lower  as  well  as  upper. 
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direction  of  the  teeth,  and  afifords  more  reliable  evidence  of  the 
namber  of  the  teeth  than  hj  counting  the  number  as  seen  in 
museum  skeletons.  It  is  easily  seen  that,  besides  a  vestigial 
incisor  socket  above  and  below,  the  number  in  the  upper  jaw  is 
10,  in  the  lower  jaw  9.^  The  socket  for  the  10th  upper,  which 
was  not  erupted  in  my  beluga,  is  very  evident  in  the  skulls.  There 
is  no  socket  behind  the  9th  lower,  though  a  more  than  doubtful 
appearance  in  the  skull  of  my  beluga  might  hastily  be  taken 
for  a  10th  lower  socket ;  the  last  lower  socket  is  opposite  the 
8th  upper  socket.  The  vestigial  incisor  socket  is  plainly  seen  in 
the  skull  of  my  beluga.  In  the  lotoer  jaw,  it  is  situated  nearer 
the  middle  line  than  to  the  large  succeeding  socket ;  is  about  ^ 
inch  in  diameter  at  the  mouth  (the  right  larger  and  more  com* 
pletely  formed  than  the  left) ;  is  over  J  inch  in  depth,  and  directed 
straight  forwards.  The  upper,  situated  at  the  middle  of  the 
intermaxillary  bone  (which  is  here  only  J  inch  in  breadth)  where 
its  palatal  and  marginal  laminse  meet,  is  about  |  inch  in  dia- 
meter at  the  mouth  (the  right  larger  than  the  left),  is  over  ^ 
inch  in  depth,  and  directed  straight  forwards. 

Form  and  wearing  of  the  teeth  in  Beluga, — The  teeth  of  Beluga 
have  all  originally  a  simple  conical  fang  and  a  simple  conical 
crown,  but  as  they  appear  in  TmLsewms  the  observer  is  apt  to  be 
misled  unless  he  is  aware  that  some,  perhaps  all,  of  what  appear 
as  the  t'Ceth,  in  macerated  skulls,  are  but  the  stumps  of  teeth 
that  had  been  excavated  and  broken  ofif  at  the  gum,  or  otherwise 

^  The  sockets  are  very  well  seen  in  a  skull  of  Beluga  in  the  Edinburgh  Museum 
of  Science  and  Art,  as  all  the  teeth  are  out  except  a  few  on  one  side  of  the  lower 
jaw.  It  is  a  larger  skull  than  mine  (length  24  inches,  mine  21),  taken  at 
Camberland  Sound,  Davis  Straits,  in  1861.  Besides  the  vestigial  incisor  socket, 
the  sockets  are  10  upper,  9  lower.  The  vestigial  incisor  socket  is  as  noticed  in 
the  text  in  my  beluga  skull,  but  the  first  large  socket  (the  10th  from  behind) 
19  not  placed  as  in  mine  entirely  in  the  superior  maxillary  bone,  but  in  between 
that  bone  and  the  intermaxillary  bone,  and  so  equally  that  it  is  difficult  to  assign 
it  to  one  more  than  to  the  other,  the  apex  at  the  suture.  It  is  at  the  middle  of  the 
obliquely  rounded-off  anterior  end  of  the  jaw,  over  \  inch  from  the  mesial  line, 
while  in  mine  the  first  large  socket  is  placed  farther  out,  where  the  rounding-off 
of  the  jaw  begins. 

The  sockets  of  the  upper  jaw  are  all  directed  very  obliquely  forwards  (to  their 
orifice),  increasingly  so  from  the  hinder  socket  forwards.  They  have  also  an 
outward  direction,  and  from  the  socket  proper  a  groove  runs  forwards  and  out- 
wards on  the  bone,  as  if  continuing  the  socket,  for  about  an  inch,  thus  p'ving 
further  support  to  the  tooth  above.  The  anterior  socket  fthat  above  noted  as 
between  the  maxillary  and  intermaxillary)  is  small,  only  ^  inch,  but  with  groove 
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greatly  worn  down.  Thus,  in  my  beluga,  as  seen  in  the  macer- 
ated skull,  teeth  that  are  noted  below  as  broken  off  quite  at  the 
level  of  the  gum,  appear  now  as  of  considerable  length  beyond 
the  alveoli* 

Adaptations  and  wearing  of  the  teeth  as  seen  in  this  Bduga. — 
The  following  remarks  and  description  of  the  form,  arrangement, 
and  wearing  of  the  teeth  of  Beluga  relate  to  this  individual,  as 
seen  during  the  dissection  and  now  in  the  macerated  skull,  in 
preparing  which  care  was  taken  to  secure  that  each  tooth  was 
placed  in  its  own  socket. 

The  teeth  of  Beluga  may  be  said,  generally,  to  be  adapted 
for  seizing  fish  and  probably  chopping  them  more  or  less  before 
the  swallowing.  The  three  or  four  anterior  pairs  are  more 
adapted  for  seizing,  the  posterior  teeth  more  for  chopping.  The 
peculiarity  of  the  teeth  in  Beluga  is,  that  the  upper  and  lower 
are  not  set  directly  against  each  other,  nor  so  as  to  interlock 

on  the  bone,  which  shows  the  direction  to  have  been  oblique  forwards  ;  2nd  to  6th 
are  large,  decreasing  backwards  ;  the  four  posterior  decrease  considerably  back- 
wards, the  last  (the  10th)  J  inch  across  and  nearly  \  inch  in  depth. 

In  the  hwer  jaw,  the  sockets  are  not  nearly  so  oblique  as  in  the  upper.  The 
three  anterior  are  oblique,  increasingly  so  from  the  3rd  to  the  Ist ;  the  next  two 
are  nearly  vertical,  and  those  behind  them  are  inclined  backwards,  the  last  three 
decidedly  so.  Nos.  1  to  7  are  all  large,  No.  1  the  largest ;  Kos.  8  and  9  are  less, 
especially  No.  9,  but  it  is  deeper  than  the  two  or  three  posterior  in  tho  upper 
jaw.  The  lower  sockets  are  all  deeper  than  the  upper ;  the  deepest  of  the  upper 
(from  the  formed  orifice)  f  inch  ;  the  deepest  of  the  lower,  1^  inches.  The  lower 
teeth  are  thus  more  firmly  socketed  than  the  upper,  and,  except  the  three  anterior, 
are  given  a  more  vertical  direction  in  contrast  with  the  forward  and  outward 
direction  of  all  the  upper  teeth. 

^  I  have  to  thank  Sir  William  Turner  for  the  opportunity  of  comparing  the  skull 
of  my  beluga  with  two  beluga  skulls  in  the  Anatomical  Museum  of  Edinburgh 
[Jniyersity,  which  through  his  exertions  contains  an  extensive  and  interesting 
collection  of  skeletons  and  skulls  and  of  other  parts  of  the  cetacea.  In  one  of 
these  beluga  skulls,  about  the  same  size  as  my  specimen,  what  appear  as  teeth  are 
mostly  but  the  stumps  of  teeth  that  had  been  excavated  and  broken  at  the  gum. 
The  other  skull  is  considerably  larger  and  the  teeth  much  more  robust,  nearly 
twice  as  thick  as  in  my  specimen,  some  of  the  intervals  between  the  stumps  less 
than  the  thickness  of  the  stumps  themselves.  In  this  specimen  also,  the  crowns 
of  the  teeth  are  greatly  worn.  The  large  2ud,  drd,  and  4th  upper  show  marked 
excavation  of  what  now  remains  of  the  crowns,  behind  and  to  their  inner  side  ; 
not  as  a  special  pit  at  the  root,  but  obliquely  along  the  remains  of  the  crown, 
wearing  it  like  a  wedge,  the  thin  free  edge  of  which  would  either  break  or  go  on 
being  worn  down  more  and  more.  Most  of  the  lower  teeth  are  very  blanUy  and 
variously  worn,  except  the  5th  on  the  left  side,  which  (like  the  6th  lower  in  my 
specimen)  has  no  antagonist  above,  passing  up  between  the  4th  and  5th  stmiips, 
and  has  escaped  wearing. 
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directly  like  the  teeth  in  most  of  the  toothed  cetacea,  but  that, 
widely  planted  (the  intervals  wider  than  the  thickness  of  the 
teeth)  they  meet  their  antagonists  at  an  angle,  and  more  or  less 
decussate  with  them  when  the  mouth  is  closed.  This  implies 
wearing  of  a  peculiar  kind.  Farther,  the  upper  teeth  are  all 
directed  very  obliquely  forwards,  and  have  also  some  obliquity 
outwards ;  while  the  lower  teeth,  except  the  three  anterior,  are 
nearly  vertical  and  have  little  or  no  obliquity  outwards.  (See 
the  diagram  page  144) 

The  result  of  that  arrangement,  stated  generally,  is  that  the 
point  of  the  lower  tooth  wears  its  antagonist  behind  and  on  the 
inside  and  is  itself  worn  at  the  point.  Farther,  as  seen  more 
distinctly  on  the  large,  more  anterior,  and  more  definitely  set 
teeth,  the  lower  tooth  wears  its  antagonist  at  two  places.  In 
the  movements  of  the  mandible  the  lower  tooth  may  strike  the 
upper  at  the  point  and  wear  it  to  some  extent  there ;  but  the 
place  where  it  more  definitely  strikes,  when  the  mouth  is  closing, 
is  at  what  may  be  conveniently  called  its  root,  near  the  gum ; 
wearing  a  pit  in  it  there,  which  ultimately  leads  to  the  destruction 
of  the  upper  tooth,  by  fracture  taking  place  at  or  near  the  gum. 
The  more  posterior  teeth,  smaller  and  less  definitely  set  against 
each  other,  also  wear  in  that  way  or  they  may  wear  only  at  their 
points ;  and  the  lower  may  be  the  wearer  of  the  point  of  either 
the  tooth  before  it  or  of  the  tooth  behind  it  in  the  upper  jaw. 
The  free  movements  of  the  mandible  when  the  mouth  is  open, 
the  front  teeth  not  then  interlocking,  enables  the  lower  tooth  to 
wear  the  points  of  either  of  the  two  upper  teeth  between  which 
it  projects  when  the  mouth  is  closing.^ 

The  natural  looseness  of  the   teeth   is   a   farther  source  of 


^  Van  Beneden  and  Gervais  make  the  foUowing  general  remark  on  the  wearing 
of  the  teeth  of  Beluga,  but  without  drawing  the  distinction  between  upper  and 
lower  teeth,  or  between  anterior  and  posterior  groups : — **  la  couroune  est 
presque  toujours  entam^  largement  et  d'une  mani^ro  oblique,  soit  en  dehors, 
8oit  en  dedans,  soit  d'avant  en  arri^re,  plus  rarement  d'arriere  en  avant  ou 
horizontalement."    {Op.  eU.,  p.  535.) 

The  cause  of  the  wearing  in  Beluga  is  different  from  that  of  the  remarkable 
wearing  seen  in  the  walrus,  in  which  the  molar  teeth  of  both  jaws  become  worn 
obliquely  on  the  inside  to  the  level  of  the  gum,  their  edges  meeting  externally. 
That  can  be  caused  only  by  champing  against  the  shells  of  the  shellfish  on 
which  the  walrus  is  said  mainly  to  feed.  But  in  Beluga,  the  wearing  is  by  the 
friction  of  tooth  against  tooth. 
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uncertainty  as  to  which  of  the  two  neighbouring  teeth,  among 
the  posterior  group,  has  efifected  the  antero-posterior  wearing 
at  the  points ;  but  the  lateral  wearing  at  the  points,  is  on  the 
inside  of  the  upper  and  on  the  outer  side  of  the  lower.  I  found 
the  teeth  all  naturally  loose,  increasingly  so  backwards;  that 
perhaps  from  the  more  posterior  teeth  being  smaller,  but  tiie 
anterior  pair  were  the  loosest  in  both  jaws,  much  more  so  than 
the  2nd  or  3rd  pair,  the  1st  in  the  upper  jaw  especially  very 
movable.  The  lower  teeth,  generally,  appeared  to  be  quite  as 
movable  as  the  upper. 

The  study  of  the  exact  adaptation  and  wearing  of  each  pair  in 
relation  to  their  antagonlBts  in  the  other  jaw,  will  be  facilitated  by 
first  noticing  the  following : — In  the  natural  condition,  when  the  jaws 
were  closed,  the  points  of  the  teeth  of  the  lower  jaw,  and  on  both 
sides,  came  exactly  in  contact,  and  at  the  same  moment^  with  an 
opponent  above ;  the  point  of  contact  being*  either  at  the  pit  the  lower 
was  wearing  in  the  back  of  the  crown  of  the  upper,  or  at  the  end  of 
the  stump  of  the  brokeu-off  or  very  much  worn  down  crown.  When 
the  teeth  were  thus  in  contact  no  lateral  movement  was  allowed,  only 
a  little  forward  and  backward  movement,  rubbing  the  teeth  against 
each  other.  The  natural  motion  seems  to  be  simply  up  and  down,  by 
a  snap))ing  movement  of  the  lower  jaw.  But  when  the  mouth  is 
somewhat  opened  the  teeth  may,  by  antero-posterior  movement,  be 
made  to  touch  at  their  points,  or,  speaking  generally,  also  to  touch 
the  point  of  the  opponent  behind. 

The  teeth  thus  correspond,  tooth  by  tooth  in  the  two  jaws,  on  the 
five  anterior  pairs ;  but  the  6th  lower  tooth  has  no  antagonist  above. 
Tts  conical  crown  passes  up  between  the  5th  and  6th  upper  and  sinks 
into  a  soft  smooth  pit,  -nr  ^  i  ^^^^  deep,  in  the  gum  of  the  upper 
jaw.  This  isolation  of  the  6th  lower  tooth  dislocates  numerically  the 
relation  of  the  three  pairs  of  smaller  teeth  behind  it,  so  that  the  three 
posterior  teeth  of  the  lower  jaw,  the  7th,  8th,  and  9th,  are  opposed 
to  the  6th,  7th,  and  8th  of  the  upper  jaw;  and  the  very  short 
last-erupted  tooth  of  the  upper  jaw,  the  9th,  has  no  possible  anta^> 
onist  in  the  lower  jaw.     (See  the  diagram  page  144.) 

The  space  above  into  which  the  unopposed  6th  lower  tooth 
is  wider  than  those  before  and  behind  it,  and  the  spaces  below 
narrower  after  the  4th  tooth,  but  there  is  no  particular  crowding  at 
this,  as  it  were  interposed  6th  tooth.  In  the  diagram  the  6th 
lower  tooth  is  represented  as  emerging  too  near  the  5th.  On  sur- 
veying the  whole  series  from  the  side,  the  change  is  seen  to  he 
accomplished  gradually,  and  to  be  owing  to  the  change  in  the  point 
of  emergence  of  the  lower  teeth  in  relation  to  the  upper,  implied 
in  the  change  of  direction  of  the  lower  teeth  from  the  oblique 
to  the  vertical.  Especially  the  two  anterior  of  the  three 
obliquely-directed  lower  teeth  have  to  emerge  behind  the  point   of 
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emergence  of  their  opponents  above  ;  but  when,  at  the  4th,  the  lower 
teeth  change  to  the  vertical  direction,  their  point  of  emergence 
becomes  anterior  to  that  of  their  opponents,  so  that  the  6th  emerges 
opposite  the  interval  between  the  5th  and  6th  upper,  and,  being 
directed  a  little  backwards  and  a  little  recurved,  it  naturally  passes 
up  unopposed,  between  the  5th  and  6th  upper,  to  its  soft  pit  in  the 
gum.  The  lower  teeth  are  thus  now,  numerically,  one  in  front  of 
the  upper,  the  7th,  8th,  and  9th  lower  opposed  to  the  6th,  7th,  and 
8th  upper.  From  where  the  change  in  the  relative  position  of 
emergence  begins,  the  six  posterior  teeth  of  the  lower  jaw  (4th  to 
9th)  occupy  exactly  the  same  space  of  jaw  (3^  inches)  as  the  five  teeth 
(4th  to  8th)  opposed  to  them  in  the  upper  jaw. 

The  teeth  may  be  divided  into  an  anterior  group  (five)  and  a 
posterior  group  (four),  on  the  grounds  of  size  and  direction.  The  three 
anterior  form  a  more  definite  group,  from  the  oblique  direction  of  the 
lower  teeth  here,  but  the  4th  and  5th  are  also  large.  Of  the  7^  inches 
of  upper  jaw  to  the  back  of  the  9  th  tooth,  the  anterior  group  occupy 
5 ;  of  the  6^  inches  of  lower  jaw  to  the  back  of  the  9  th  tooth,  the 
anterior  group  occupy  4.  The  anterior  group  are  in  the  narrower  part 
of  the  jaw;  breadth  of  palate  between  the  sockets,  at  first  pair,  1^ 
inches ;  at  third  pair.  If ;  at  fifth  pair,  2^ ;  behind  which  the  palate 
widens  rapidly  to  4  inches  at  the  ninth  pair. 

(a)  Anterior  group, — The  Ist  is  the  least  thick  of  the  group.  The 
three  front  lotoer  are  directed  very  obliquely  forwards  and  also  outwards, 
against  back  of  upper ;  the  upper,  more  oblique  forwards  than  lower 
except  1st  pair,  which  are  less  oblique  and  more  curved  backwards 
like  moderately  bent  hooks.  First  pair,  the  left  wearing  pit  on  back 
and  to  inner  side  of  upper ;  pit  ovoid,  -^  x  ^^^  inch,  reaching  up  to  ^ 
inch  from  gum,  and  goes  half  through  thickness  of  crown.  Right  upper 
not  worn  at  back ;  upper  and  lower  both  more  worn  down  at  conical 
ends  than  left ;  this  wearing  could  be  only  when  mouth  a  little  open, 
enough  to  admit  thumb.  First  pair  well  adapted  for  such  act  as 
seizing  a  fish ;  both  directed  forwards  and  somewhat  recurved,  upper 
pair  more  recurved  but  projecting  before  lower;  when  lower  jaw 
advanced,  lower  pair  just  pass  within  upper,  but  no  wearing  seen  on 
sides. 

Second  and  third  pairs,  upper  worn  and  broken  off  at  gum,  except 
right  second.  This  is  the  longest  tooth  present^  length  of  conical  crown 
1  inch,  and  ^  inch  of  fang  now  exposed  in  skull.  Is  worn  at  the  two 
places;  behind,  at  root  of  crown  where  shallow  but  well-marked 
vertically-ovoid  pit  seen,  into  which  blunted  apex  of  2nd  lower  tooth 
fits;  and,  above,  worn  behind  at  point,  which  can  be  done  only 
by  point  of  2nd  lower  tooth  advancing  when  mouth  a  little  open. 
The  worn  and  fractured  ends  of  the  left  2nd  and  of  both  right 
aiid  left  3rd  (and  of  both  right  and  left  4th)  upper  teeth,  have 
all  the  same  appearances ;  were  seen  in  the  dissection  to  be  broken 
dose  to  gum,  now  in  skull  ^  to  f  inch  of  fangs  exposed.  Each 
presents,  on  whole  breadth  of  its  end,  an  acetabulum-like  cup,  with 
narrow  nmgh  edge  in  front  where  excavated  crown  has  at  last  broken 
o£El     Cup  looks  mainly  downwards,  but  at  fore  part  a  little  backwards, 
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where  it  is  on  broken  remnant  of  crown.  This  direction  of  the  cup 
mainly  regulates  direction  of  ant^ro-posterior  wearing  of  blunted 
points  of  opposing  lower  teeth;  latter  worn  mainly  in  front  imtil 
crown  of  upper  is  quite  worn  down,  then  bevelling  of  point  of  lower 
is  mainly  behind,  fitting  back  part  of  cup.  The  worn  adaptation  is 
so  perfect,  the  cups  so  smoothly  worn  and  polished  and  so  like  each 
other,  that  they  might  be  mistaken  for  the  natural  condition,  remind- 
ing one  of  the  cup  of  the  ball  and  socket  joint  of  the  ophidian  verte- 
brae. Crowns  of  lower  are  of  good  length,  about  ^  inch,  their  bluntly 
conical  ends  work  in  and  polish  the  cups,  like  pestle  in  mortar. 
Thus,  while  lower  teeth  suffer  reduction  only,  by  direct  wearing  at  end, 
the  upper  have  been  ruined  by  the  direction  in  which  the  lower  are 
set  against  them. 

Fourth  and  fifth  pairs, — As  4th  lower  is  nearly  vertical,  cup  on 
stump  of  4th  upper  is  more  oblique,  its  fore  part  being  on  small 
remnant  of  broken  crown.  Point  of  lower  tooth  is  accordingly 
bevelled  in  front.  5th  pair  considerably  less  thick  than  4th;  not 
evident  whether  the  great  wearing  down  of  crown  of  upper  has  been 
preceded  by  excavation  and  fracture.  Lower  5th  tooth  has  direction 
rather  backwards,  meeting,  at  least  now,  upper  more  directly ;  ends 
of  both  are  bevelled  in  different  direction  from  that  of  4th  and  not 
symmetrically;  on  right  side  they  meet  abruptly,  the  bevelling  in 
front  on  the  upper,  behind  on  the  lower,  being  in  opposite  direction 
of  bevelling  of  4th ;  on  left  side,  while  the  antero-posterior  bevelling 
is  in  same  direction  as  on  right,  there  is  also  lateral  bevelling,  on 
inside  of  upper,  outside  of  lower. 

(b)  Posterior  group.  The  four  posterior  pairs  (6th  to  9th)  are  less 
thick  than  the  anterior  group,  and  diminish  backwards  as  seen  in  the 
table.  The  lower  are  somewhat  stouter  teeth  than  the  upper.  The 
6th  lower,  the  unopposed  tooth  when  mouth  closed,  shows,  both  right 
and  left,  some  wearing  on  outside  near  point;  that  can  have  been 
effected  only  against  side  of  upper  6th,  in  extreme  backward  movement 
of  lower  jaw  when  mouth  not  closed.  Naturally,  the  6th  lower, 
directed  a  little  backwards  and  a  little  recurved,  passes  up  unopposed 
to  its  soft  pit  in  the  upper  gum.  The  ruin  of  the  6th  upper,  seen  on 
left  side,  has  manifestly  been  effected  by  7th  lower  tooth. 

The  following  is  the  weariug  seen  on  the  three  posterior  pairs 
opposed  to  each  other  (7th,  8th,  9th  lower,  against  6th,  7th,  8th 
upper).  Of  the  upper,  on  left  side,  6th  and  7th  have  been  excavated 
behind  and  to  inner  side,  and  broken  across  at  gum ;  the  8th, 
excavated,  but  the  wedge-like  remnant  of  the  crown  not  yet  broken 
off.  On  right  side,  no  fracture,  only  the  wedge-like  wearing  on  inner 
and  posterior  aspect  of  reduced  crowns  of  7th  and  8th,  and  a  little  on 
inside  of  6th  near  tip.  The  three  lotoer  teeth  (7th,  8th,  9th)  opposed  to 
the  above  three,  inclined  a  little  backwards,  the  7th  very  little,  show 
on  all  that  remains  of  their  crowns,  wearing  obliquely  on  outer  side, 
wedge-like ;  the  7th  less  than  8th  and  9th.  These  three  posterior 
teeth  are  too  narrow  to  show  very  definitely  whether  the  antero- 
posterior wearing  at  the  ends  is  in  front  or  behind ;  but  the  bevelling 
of  the  upper  appears  to  be  mostly  behind,  that  of  the  lower  in  front. 
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The  9th  upper  tooth  has  no  antagonist  below;  there  was  an 
interval  of  f  inch  between  it  and  the  8th ;  when  lower  jaw  is  carried 
back  to  the  extreme,  it  is  still  ^  inch  behind  9th  lower.  In  macerated 
skull,  it  shows  as  if  ^  inch  in  length,  but  it  projected  only  ^  inch  from 
the  gum.  Yet,  that  of  right  side  shows  a  blunt  end,  as  if  worn 
obliquely  on  outside  and  forwards,  but  surface  is  convex ;  the  left  one, 
however,  has  conical  end,  only  a  little  blunted,  and  shows  the  furrow, 
-^  inch  from  apex,  that  marks  off  the  original  small  terminal  cone. 

The  lO^y^  upper  toothy  in  the  macerated  skull  appears  ^  inch  in 
length,  from  mouth  of  socket,  but  it  was  entirely  hidden  in  the  gum, 
close  below  the  surface  ;  direction  was  very  oblique  forwards,  more  so 
than  9th ;  interval  between  9th  and  it,  f  inch.  Eight  and  left  10th 
have  same  form,  the  original  terminal  cone,  -^  inch  in  length,  marked 
off  by  furrow  where  outer  coating  of  the  dentine  ceases.  On  careful 
slicing  into  gum  of  lower  jaw,  no  trace  of  a  tooth  corresponding  to 
this  10th  upper  was  seen  ;  nor  was  any  trace  seen  of  a  tooth  opposite 
the  9th  upper,  but  a  9t;h  lower  is  already  accounted  for,  placed  opposite 
8th  upper. 

Intermaxillary  Begion, — It  may  be  here  added  that  I  sought  with 
equal  interest  for  a  concealed  tooth  between  the  anterior  pair  of 
erupted  teeth,  in  both  jaws,  but  saw  no  trace  of  coming  or  former 
teeth.  My  search  was  down  to  the  bone,  but  I  cannot  say  whether 
I  examined  the  contents  of  the  vestigial  sockets  above  referred  to  as 
now  very  evident  in  the  macerated  skull. 

The  following  Table  gives,   in  millimetres,  the  thieknesB  of  the 
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several  teeth  in  the  upper  and  lower  jaw,  taken  at  the  crown  close 
to  the  gum,  at  right  angles  to  the  axis  of  the  tooth;  antero- 
posteriorly,  in  order  to  contrast  with  the  width  of  the  spaces.  The 
teeth  are  nearly  round,  or  a  little  oval  antero-posteriorly ;  the  latter 
form  seen  especially  on  the  2nd,  3rd,  and  4th  lower  teeth.  The  spaces 
l>etween  the  teeth  are  also  given.  They  are  taken  at  the  same  spot, 
liorizontally.      Each  space,  as  numbered,  is,  it  will  be  understood, 

l>ehind  the  tooth  of  that  number. 

In  reading  this  Table  it  has  to  be  kept  in  mind  that  the  6th  lower 

tooth  has  no  opponent,  but  passes  up  to  the  gum  in  the  5th  space ; 

and  that  the  opposing  teeth  behind  it  are,  7th  lower  against  6th 

upper ;  8th  lower  against  7th  upper ;  9th  lower  against  8th  upper ; 

tL3xd  that  9th  upper  has  no  opponent. 
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This  diagram  represents  my  view  of  what  the  crowns  of  the 
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teeth  of  this  beluga  were  before  they  were  worn,  as  far  as  I  can 
judge  from  their  present  condition.     It  shows,  as  nearly  as  I 
could  in  a  much  reduced  drawing,  the  relative  thickness  of  the 
several  teeth  and  the  relative  vridth  of  the  spaces  (except  that 
the  6th  lower  tooth  is  represented  as  emerging  too  near  the  5th). 
The  point  of  each  lower  tooth  is  seen  to  be  directed  towards  the 
part  of  the  upper  tooth  which  it  excavates,  near  the  gum,  the  sur- 
face of  which  is  represented  by  the  horizontal  line.    It  might  seem 
that  the  more  anterior  of  the  lower  teeth  should  in  like  manner 
be  worn  by  the  point  of  the  upper  tooth  behind,  but  the  upper 
teeth  pass  outside  the  lower.     It  is  seen  that,  at  the  4th  tooth, 
the  lower  begin  to  emerge  on  a  line  anterior  to  the  upper,  so 
that  the  6th  lower  comes  to  emerge  opposite  the  5th  space,  into 
which  it  passes  up  to  the  soft  pit  in  the  gum,  above  noticed,  and 
has  no  opponent.     Behind  the  6th  lower  tooth,  the  opposing 
teeth  are,  consequently,  not  numerically  the  same,  being  no'w 
7th  lower  against  6th  upper,  8th  lower  against  7th  upper,  9th 
lower  against  8th  upper ;  and  the  very  short  9th  upper  has  no 
opponent     The  tenth  upper  is  shown  as  if  concealed  in  the  gum. 
Thus,  in  this  beluga,  of  the  8  wpper  opposed  teeth,  there  are, 
on  the  left  side,  five  (2nd,  3rd,  4th,  6th,  and  7th)  excavated  and 
broken  across  at  the  gum;  two  (5th  and  8th)  greatly  worn 
down,  but  the  thin  remnant  of  the  crown  not  broken ;  and  one 
(the  1st)  has  a  pit  dug  in  it  near  the  gum,  the  farther  wearing 
of  which  would  have  led  on  to   fracture.     On  the  right  side 
two  (3rd  and  4th)  are  excavated  and  broken ;  three  (5th,  7th, 
and  8th)  are  much  worn  down ;  on  one  (the  2nd)  the  excava- 
tion at  the  gum  has  begun ;  and  only  the  remaining  two  (1st  and 
6th)  have  escaped  with  some  wearing  at  the  point.     Of  the  total 
16  upper  opposed  teeth,  12  are  either  broken  or  worn  to  the  gvtxn, 
and  of  the  remaining  four,  two  have  the  fatal  pit  being  dug  in 
them  near  the  gum.    The  hyw&r  teeth  are  all  more  or  less  worn, 
but  only  at  or  near  the  points,  their  wearing  being,  so  to  speak. 
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the  fair  wearing  of  direct  oppositioa  The  upper  teeth  may 
also  have  more  or  less  of  that  fair  wearing  at  the  points,  in  the 
various  movements  of  the  mandible  when  the  mouth  is  not 
closed,  but  the  wearing  that  proves  fatal  to  them  is  that  near 
the  gum,  the  result  of  the  teeth  being  so  set  that  the  point  of 
the  lower  strikes  against  the  back  of  the  upper  near  the  gum. 

The  meaning  of  this  setting  of  the  teeth  in  Beluga  in  relation 
to  the  (Economy  of  the  individual  and  the  maintenance  of  the 
species  is  not  evident.  The  decussating  direction  of  the  upper 
and  lower  teeth  may  give  a  firmer  hold  on  the  prey  that  has 
been  seized,  but  why  not  the  same  arrangement  in  other  toothed 
cetaceans  that  have,  as  far  as  we  know,  much  the  same  kind  of 
prey  to  seize  and  chop,  and  have  teeth  that  simply  interlock  ? 
The  looseness  of  the  teeth  may  lessen  the  progress  of  the 
wearing,  but  it  goes  on  as  we  see  to  the  destruction  of  nearly  all 
the  upper-teeth  before  the  animal  is  old.  This  beluga,  as  the 
state  of  the  epiphyses  of  the  vertebrae  and  humerus  and  forearm 
shows,  was  not  old,  only  mature  or  nearly  so.  One  cannot  but 
think  that  this  setting  of  the  teeth  in  beluga  must  have  some 
meaning  of  advantage  to  the  animal  in  relation  to  its  food,  but 
the  advant^e  would  seem  to  be  more  than  counteracted  by  the 
inevitably  resulting  destruction  of  the  teeth.  So  great  a  loss  of 
teeth  must  lessen  the  power  of  procuring  food,  and  should  there- 
by affect  the  longevity  of  the  individual. 

Temporo-mcLxUlary  arti/ndation, — There  was  no  synovial 
cavity  either  above  or  below ;  only  fibrous  tissue,  about  \  inch 
thick,  between  the  two  surfaces  and  uniting  them ;  allowing  of 
movement  as  free  as  compatible  with  that  thickness  of  the 
uniting  medium. 

Abnormal  last  Bib. — The  last  rib  was  abnormal  on  the  right 
side.  A  short  rib,  about  3  inches  in  length,  was  attached,  like 
the  two  ribs  in  front  of  it,  to  the  transverse  process.  At  about 
^  to  5  inches  out,  there  was  a  rib  in  the  flesh,  about  9  inches  in 
length,  without,  as  far  as  we  saw,  any  fibrous  connection  with 
-the  short  piece.^ 

'  I  could  not  ascertain  at  the  dissection  whether  this  loose  piece  was  an 
additional  12th  rih  or  serially  a  part  of  the  11th.  My  Museum  Assistant  at 
^^Iverdeen,  Mr  fiobert  Gibb,  who  has  since  articulated  the  skeleton,  informs  me 
UttAt  there  are  11  ribs  in  all  on  each  side,  the  undivided  11th  rib  on  the  left 
is  14i  inches  in  length. 

TOL.  XXX.  (N.S.  vol.  X.)  K 


146 


DR  JOHN  STBUTHEBS. 


(C)  Pectoral  Limb. 

Form, — ^The  pectoral  limb  is  of  great  breadth  in  proportion  to 
the  length,  as  shown  in  figure  1.  Length,  from  the  junction 
with  the  body  to  the  tip,  along  the  middle,  16  inches ;  greatest 
breadth  10 J  inches.  Figure  2  shows  the  framework  by  which 
the  form  is  maintained.  Anterior  (radial)  border  very  convex, 
maintained  to  its  most  prominent  part  by  the  poUex,  and  there- 
after by  the  curvature  of  digit  II,  on  to  the  somewhat  blunt  tip. 
The  great  breadth  is  obtaiued  by  the  divergence  of  digits  V  and 
IV,  especially  of  digit  V,  making  the  ulnar  border  still  more 
convex  than  the  anterior,  but  not  evenly  so,  two  projections 
being  seen  on  it,  the  anterior  opposite  the  end  of  digit  V,  the 
posterior  opposite  the  end  of  digit  IV.  The  greatest  breadth  is 
not  at  the  anterior  projection,  but  a  little  (^  inch)  in  front  of 
the  middle,  owing  to  the  great  convexity  of  the  radial  border 
there.  From  the  way  in  which  the  fin  joins  the  body,  the 
anterior  border  is  longer  than  the  posterior  by  2  inches  (18 
against  16).  Measured  straight  from  the  anterior  and  posterior 
parts  of  the  junction  to  the  tip,  the  anterior  line  is  the  longer 
by  3  inches  (17  against  14). 

In  noting  what  was  seen  on  dissection  it  will  be  convenient 
to  begin  with  the  bony  framework. 

When  the  paddle  is  removed  at  the  shoulder  joint,  the  length, 
from  head  of  humerus  to  tip,  is  19  inches.  Of  this  the  hum- 
erus forms  5  inches ;  the  forearm,  at  the  middle,  3 J  (radius  4) ; 
the  carpus  2\  ;  the  digital  region,  to  the  tip,  8J. 

Bones  and  Cartilages  of  the  Digits. — The  following  particulars 
may  be  given  in  tabular  form ;  the  measurements  in  inches. 


Digit. 


I 

II 

III 

IV 

V 


Bones  including        ^?  ..  ° 


Metacarpal. 


2 
6 
5 
4 
3» 


Digit. 


2i 

8 

7 

5 

4 


Length  of     |    Distance  of     > 
terminal  Car-   latter  from  edge 
tilage.  of  Paddle, 


i 


In  the  other  beluga  noticed  in  the  Appendix^  digit  Y  has  a  fourth  osai&catioii. 
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Figure  2  shows  the  digital  bones,  the  intervening  cartila- 
ginous nodes  with  their  intersecting  joint,  and  the  terminal 
cartilages.^  All  the  digital  bones  are  flattened ;  those  of  digit  V 
less  than  in  the  other  digits,  except  in  the  pollex,  the  phalanx 
of  which  is  rounded.  They  have  little  of  the  hour-glass  form  so 
marked  in  the  whalebone  cetacea,  and  consequently  the  nodes 
project  less. 

Terminal  cartilages. — ^The  Table  shows  their  length  and  how 
near  they  approach  to  the  thin  extreme  edge  of  the  paddle. 
That  of  digit  I  is  conical,  like  the  phalanx  supporting  it,  the 
others  are  flattened,  that  of  digit  V  not  so  much.  That  of 
digit  II  is  long,  narrow  and  tapering ;  those  of  digits  III  and 
rV  at  first  broad,  then  tapering ;  that  of  digit  V  curved  like 
the  digit,  broad  at  first,  then  tapering.  On  longitudinal  section, 
there  is  no  appearance  of  segmentation  by  a  joint,  except  in  that 
of  digit  V,  the  upper  J  of  which  is  cut  off  completely  (seen  on 
the  surface  as  well  as  on  section)  hj  a  joint,  a  diarthrodial  flat- 
surfaced  joint  like  those  of  the  nodes,  leaving  a  |  inch-long 
terminal  cartilage  beyond  Taken  in  connection  with  the 
pr^ence  of  a  fourth  ossification  there  in  the  more  advanced 
beluga,  this  is  an  interesting  fact.  So  far  as  one  instance  can 
prove,  it  shows  that  segmentation  precedes  ossification,  and  sup- 
ports the  view  that  the  number  of  elements  in  the  digits  is  laid 
down  originally.* 

Carpiis. — ^As  I  had  previously  found  the  carpus  of  Beluga  of 
much  interest  in  relation  to  the  interpretation  of  the  second  row 
in  the  toothed  cetacea  I  embraced  the  opportunity  of  again 
examining  the  arrangement  carefully  and  give  a  full  account  of 
the  several  carpal  cartilages  and  ossifications  in  this  beluga, 
with  my  interpretation  of  them,  but  without  entering  on  the 

^  This  figure  is  taken  from  the  other  beluga  noticed  in  the  Appendix,  as  in  the 
dissection  of  it  enough  of  the  skin  was  left  at  and  towards  the  margin  of  the 
paddle  to  keep  the  digits  in  their  natural  position.  The  dissected  paddle  was 
pinned  to  a  board  and  photographed,  so  that  the  figure  shows  all  the  parts  in 
their  natural  relation.  But  they  are  the  same,  except  that  in  this  other  beluga 
31fpt  y  has  a  fourth  ossification,  very  small  in  the  left  paddle  (the  side  figured), 

merely  a  rounded  nodule  about  J  inch,  about  twice  that  size  in  the  right  paddle. 

A^Lbo  metacarpal  V  is  more  fully  ossified,  and  ossification  generally  in  the  limb 

is  somewhat  more  advanced. 

^  The  occurrence  of  segmentation  in  the  terminal  cartilages  of  the  digits  is 

noted  and  figured  in  my  account  of  a  40  feet-long  Megaptera  longiinana  in  this 

^insmal,  vol.  xxii.,  1888,  p.  256. 
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wide  field  of  comparing  the  arrangement  with  that  in  other 
toothed  cetaceans. 

Figure  3  shows  these  cartilages  and  the  neighbouring  parts, 
and  the  ossifications  in  five  of  the  carpal  cartilages  as  appearing 
on  the  surface.  The  four  cartilages,  including  the  small  pisiform, 
shown  as  without  ossification  had  none.  The  figure  is  reduced 
by  photography  from  a  full-sized  drawing  I  made  from  the 
dissection.  Reference  to  it  wiU  greatly  facilitate  in  following 
the  account  of  each  of  the  cartilages.  The  measurements  are 
given  in  inches,  the  breadths  always  before  the  lengths.  The 
form  and  size  of  the  cartilages  are  substantially  the  same  on 
both  surfaces  of  the  carpus.  The  full  extent  of  the  ossifications 
is  given  as  ascertained  by  the  needle,  as  the  marks  made  by  the 
knife  in  excavating  are  apt  to  suggest  fine  lines  of  articulation 
and  to  obscure  the  true  Hnes. 

(a)  Pro-carpah, — This  carpus  has  the  usual  three  bones  or 
cartilages  of  the  pro-carpal  range  of  the  cetaxjean  and  other 
mammalian  carpus;  in  the  nomenclature  of  Gegenbaur,  the 
radiale,  intermedium  and  ulnare  ;  and  a  small  pisiform.  The 
ulnare  and  the  pisiform  are  not  ossified. 

Radiale  (fig.  3,  r.)  :  square-shaped  (breadth  1^,  length  IJ);  four 
articulations — proximally  with  less  than  half  of  radius;  to  ulnar 
side,  largely  with  intermedium ;  distally,  with  two  cartilages.  Well 
ossified  (l|  X  1^),  especially  to  radial  side. 

Intermedium  (fig.  3,  i,) : — the  largest  cartilage  and  ossification  of 
the  carpus  and  largely  ossified  (2  x  If,  ossification  If  x  1|).  Five 
articulations — proximally,  mainly  with  radius  and  with  about  J  of 
end  of  ulna,  pointed  upper  angle,  but  not  sending  a  process  up 
between  radius  and  ulna,  epiphyses  of  which  meet  each  other  above 
intermedium ;  to  radial  side,  with  radiale ;  to  ulnar  side,  for  shorter 
length  with  ulnare ;  distally,  with  three  cartilages. 

Ulnare  (fig.  3,  «.) :  a  large  somewhat  triangular  cartilage  (IJ  x 
1^),   not  containing  an   ossification;   six    articulations — proximally, 
with  greater  part  of  end  of  ulna ;  to  radial  side,  with  ijitermedium ; 
to  ulnar  side,  with  pisiform ;  distally,  with  one  carpal  and  with  two 
metacarpals,  nearly  the  whole  of  M.  V  and  about  J  of  M.  IV. 

Pidform  (fig.  3,  p.) :  a  small  elliptical  or  ovoid  cartilage  set 
longitudinally  (breadth  f,  length  |);  three  articulations — from  above 
downwards,  with  unossified  part  of  epiphysis  of  ulna,  with  ulnare, 
and  with  metacarpal  V.  On  free  side,  projects  a  little  (about  half  its 
breadth)  on  ulnar  line  of  carpus,  so  little  that  it  is  apt  to  be  overlooked 
or  injured  in  cleaning  this  border  of  the  carpus. 

It  may  be  noted  here,  in  connection  with  the  little  development  of 
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the  pisiform,  that  I  saw  no  flexor  carpi  ubiaris  muscle,  generally 
present  in  the  cetacean  forearm  and  which  I  found  present  in  the 
porpoise -(this  Journal^  vol.  vi.,  1871,  p.  115)  in  which  the  other 
muscles  of  the  forearm  are  represented  by  fibrous  tissue.  A  fibrous 
band,  about  -^  inch  thick,  adhering  to  the  border  of  the  ulna  may 
possibly  represent  the  degraded  tendon  of  that  muscle.  The  olecranon 
also  is  little  developed,  only  a  low  knob  projecting  about  ^  inch,  with 
a  thin  coating  of  cartilage. 

(b)  Disto-carpals  and  CerUrale. — Here  we  see,  as  in  other 
toothed  cetaceans,  less  suppression  of  the  typical  five  bones 
of  the  second  carpal  row  than  in  the  whalebone  cetacea,  among 
which  we  see  the  second  row  reduced  to  two  bones  in  the 
fin-whales  and  to  one  bone  or  cartilage  in  Mysticetus.  Here 
we  have  to  determine  the  homology  and  consequent  nomenclature 
of  five  bonea  (1)  The  bone  above  the  pollex,  marked  1  in  the 
figure,  might  be  taken  as  the  pollex  metacarpal,  and,  in  that 
case,  the  bone  marked  2  in  the  figure  as  a  stunted  index  meta- 
carpal, lying  alongside  of  the  former  and  advanced  beyond  the 
level  of  the  carpals ;  thus  leaving  those  marked  c,  3,  and  4  as 
the  only  disto-carpals.  Or  (2)  we  might  take  1,  S,  3,  and  4  as 
disto-carpals  and  c  as  a  centrale.  Or  (3)  even  admitting  ^  to  be  a 
disto-carpal  and  c  to  be  a  centrale,  it  might  stiU  be  held  that  1  is 
the  pollex  metacarpal,  resting  on  the  radiale  as  metacarpal  V 
rests  on  the  ulnare. 

On  the  whole,  the  second  of  these  views  is  at  least  the  most 
convenient  interpretation  and  will  determine  the  nomenclature 
adopted  in  the  following  notes  of  these  cartilages,  viz. — four 
disto-carpals,  marked  i,  2,  3,  and  4  in  the  figure  (disto-carpal  5 
suppressed),  and  a  centrale  c}    Noe.  7, 1^,  and  4  ^^  well  ossified  ; 

3  and  the  centrale,  like  the  much  larger  ulnare,  contain  no 

ossification. 

^  In  regard  to  the  third  of  these  possible  views,  1  would  ask  whether  that 

diBdiasion  is  not  one  merely  of  words  ?  What  makes  a  bono  a  carpal  or  a  meta- 

carpaly  or  what  a  pro-caxpal  or  a  disto-carpal  ?    It  is  not  form  or  ossification,  but 

position  or  connection  that  determines  our  idea  of  the  homology.     It  used  to  be 

lield  that  the  pollex  metacarpal  of  man,  from  its  mode  of  ossification,  is  a 

plialanx  not  a  metacarpal,  but  that  view  is  no  longer  tenable.    Would  it  not, 

XMR  regard  to  the  carpus  of  some  cetaceans,  be  quite  as  reasonable  to  consider  that 

thj0  sappression  is  pro-carpal  rather  than  disto-carpal  ?    And  it  is  misleading  to 

speak  of  a  bone  as  ''representing"  two  bones  unless  there  is  evidence,  in  the 

^^jirtjlaginous  state  or  in  early  ossification,  of  there  having  been  two  distinct 
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Disto-earpal  1 :  supporting  the  pollex ;  breadth  and  length  about 
equal  (1^) ;  five  articulations — proximally,  with  radiale ;  to  ulnar  side, 
with  centrale  and  d.c.  2 ;  distally,  mainly  with  its  metacarpal  M.  I, 
partly  with  angle  of  M.  II.     Well  ossified  (1  x  J). 

Disto-carpal  2 :  placed  transversely  (1 J  x  1^) ;  five  articulations 
— proximally,  with  centrale ;  to  radial  side,  with  d.c.  1 ;  to  ulnar 
side  (but  above  rather  than  to  the  side)  with  d.c.  3 ;  distally,  with 
nearly  whole  of  its  metacarpal  M.  II,  and  with  angle  of  M.  Ill, 
with  bone  as  well  as  cartilage  of  latter.     Well  ossified  (li  x  1). 

Digto-carpal  3 :  a  diamond-shaped  cartilage,  much  smaller  than 
d.c.  2  and  4,  placed  transversely  (IJxl);  five  articulations — 
proximally  with  intermedium;  to  ulnar  side,  with  d.c.  4;  to  radial 
side,  by  blunted  angle  for  about  ^  inch,  with  centrale,  and  (but  below 
rather  than  laterally)  with  d.c.  2 ;  distally  with  fully  half  of  its 
metacarpal  M.  in,  but  with  no  other  metacarpal  Contains  no 
ossification  (but  has  begun  to  ossify  in  the  other  beluga.  See 
Appendix), 

'  Di8t(hcarpdl  4 :  large  (1}  x  1^),  broadly  diamond-shaped ;  five 
articulations — proximally,  with  intermedium  and  ulnare;  to  radial 
side,  with  d.c.  3 :  distally,  with  about  half  of  M.  lU,  and  with 
about  f  of  its  own  metacai^  M.  IV.     Well  ossified  (1  x  I). 

Centrale^  c :  a  diamond-shaped  cartilage  (no  ossification)  closely 
resembling  d.c  3  (1^  x  |),  placed  transversely,  but  with  inclination 
upwards  and  outwards  towards  its  articulation  with  radiale;  five 
articulations,  enclosing  it  between  radiale  and  intermedium  proximally 
and  disto-carpals  1  and  2  distally,  the  fifth  gained  by  touching  the 
neighbouring  angle  of  d.c.  3.  It  has  exactly  the  same  form  and 
size  on  both  su^aces  of  the  carpus,  it  and  d.c.  3  appearing  as  two 
diamond-shaped  cartilages,  touching  each  other  for  ^  inch  at  their 
contiguous  angles.     (But  not  touching  in  the  other  Beluga,  fig.  2.) 

Relation  of  the  Carpus  to  the  Metaxnrpus. — Thus,  the  uloare 
and  aU  the  disto-carpals  except  the  reduced  d.c.  3,  support  tiwo 
metacarpals,  by  a  major  and  a  minor  connection,  the  major  with 
the  metacarpal  with  which  the  carpal  is  serial.  D.c.  3  supporte 
only  one  metacarpal  and  but  half  of  that,  crushed  aside,  as  it 
were,  by  the  great  size  of  d.c.  4. 

Taking  the  carpo-metacarpal  articulations  from  the  meta- 
carpal side,  each  metacarpal,  except  the  diminutive  pollex,  rests 
on  more  than  one  carpal ;  M.  II  rests  on  two  (its  own  carpal 
d.c.  2  largely,  and  on  d.c.  1  small) ;  M.  Ill  rests  on  three  (its 
own  carpal  d.c.  3  and  on  d.c.  4  about  equally,  and  on  d.c.  2  less^  ; 
M.  IV  rests  on  two  (its  own  carpal  d.c.  4  mostly,  and  on  the 
ulnare  for  about  a  third) ;  M.  V  rests  on  two  (ulnare  largely, 
and  pisiform  small).  D.c.  1  and  2  alone  appear  to  the  eye  as 
serial  each  with  a  metacarpal,  and  to  them  may  be  added  the 
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ulnare,  brought  into  relation  with  M.  V  by  the  absence  of  a  Ac. 
5.  The  serial  dislocation  at  M.  Ill  ia  related  to  the  small  size 
of  Ac.  3,  encroached  on  by  the  lai^e  Ac.  4,  the  largeness  of  which 
appears  to  be  related  to  its  having  to  support  two  diverging 
digits.  The  less  dislocation  of  the  serial  relation  at  M.  IV,  by 
the  partial  encroachment  of  the  ulnare,  appears  to  be  related  to 
the  fitting  of  Aa  4  into  the  nearly  equal-sided  socket  formed  for 
it  between  the  two  pro-carpals  above. 

Adaptations  of  the  Carpus  in  relation  to  the  Digits. — One  tries 
to  find  the  meaning  of  these  carpal  proportions  and  carpo-meta- 
carpal  fittings  in  their  adaptation  to  the  digits,  their  length, 
robustness,  and  direction.  A  gjance  at  the  figures  already  given 
(in  this  Journal)  of  the  carpus  and  digits  in  Megaptera  (vol.  xxii, 
1888),  in  B.  musculus  and  B.  rostrata,  and  in  Mysticetus  (vol. 
xxix.,  1895),  will  show  that  in  the  Finners  the  two  great  slightly 
curved  middle  digits  are  each,  and  they  alone,  provided  with  a 
disto-carpal,  serving  as  cushions  additional  to  the  pro-carpus,  to 
these  two  great  digits;  and  that  in  Mysticetus  the  great 
solitary  disto-carpal  supports  mainly  the  great  middle  digit. 

Looking  at  the  direction  of  the  digits  in  Beluga,  as  shown  in 
figure  2,  we  see  the  three  outer  beginning  in  line  with  the  radius 
and  general  axis  of  the  forearm,  and  curved  so  as  to  maintain 
the  convexity  of  the  radial  border  of  the  paddle :  digits  IV  and 
V,  beginning  in  line  with  the  ulna,  diverging  from  the  others, 
digit  V  very  divergent  and  curved  in  the  opposite  direction, 
digit  IV  widely  separate  from  its  neighbours,  and  not  curved. 
Looking  then  to  the  relation  of  the  digits  to  the  carpus,  as  shown 
in  figures  2  and  3,  we  see  (a)  the  pollex,  small  and  closely  tied  to 
its  neighbour,  resting  on  its  carpal  (d.c.  1)  a  stout  bone  for  the 
support  of  so  slender  a  digit  but,  with  the  radiale  above,  giving 
strength  to  the  outer  side  of  the  carpus.    (6)  Digit  II,  the  long- 
est, rested  on  its  large  carpal  (d.c.  2)  and  receiving  support  at 
its  outer  comer  from  Ac.  1,  that  latter  support,  and  the  obliquity 
of  the  joint,  in  adaptation  to  the  direction  of  the  digit,    (c) 
HHgit  III,  the  most  robust  of  the  digits,  rested  in  a  socket 
formed  by  three  carpals  (its  own  carpal  Ac.  3,  and  on  either  side 
d.c.  4  and  2).    The  oblique  direction  of  the  digit  at  its  root 
seems  to  require  a  large  d.c.  4  at  the  inner  side  of  the  triple 
socket,  at  the  expense  of  Ac.  3  which  is  thus  dwarfed,    (rf) 
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Digit  IV,  directed  obliquely,  is  received  into  a  socket  formed  by 
three  cartilages  (mainly  its  own  carpal  d.c.  4,  the  ulnare  and 
the  cartilaginous  end  of  M.  V).  (e)  Digit  V,  directed  very 
obliquely,  is  also  received  into  a  triple  socket  (formed  mainly 
by  the  ulnare,  and  on  either  side  by  the  pisiform  and  the 
cartilage  of  M.  IV). 

Looking,  further,  at  the  adaptations  of  the  pro-carpak  to  the 
disto-carpals  and  the  digits,  we  see  (a)  The  ulnare  receiving 
directly  the  force  of  digit  V  and  in  part  of  digit  IV,  and  trans- 
mitting it  to  the  ulna,     (b)  The  great  intermedium  standing 
opposite  digits  II  and  III,  and  receiving  chiefly  the  force  of  these 
two  digits  and  also  in  part  that  of  digit  TV,  through  the  three 
intervening  disto-carpals  and  the  centrale,  and  transmitting  it  to 
the  forearm,  mainly  to  the  radius  as  the  greater  bone  of  the 
forearm,    (c)  The  radiale,  standing  opposite  the  pollex  and  part 
of  digit  II,  transmitting  their  force  to  the  radius,  and  forming  a 
foundation  for  the  thick  outer  border  of  the  paddle.    Of  the  inter- 
posed cushions  formed  by  the  disto-carpals,  d.c.  4,  with  its  great 
size,  seems   to  play  an  important  part,  in  relation  below  to 
supporting  two  diverging  digits  and  above  to  transmitting  their 
force  to  the  ulnare  and  intermedium ;  and  this  may  account  for 
the  dwarfing  of  d.c.  3,  the  "os  magnum"  of  human  anatomy. 
The  centrale  forms  an  additional  cushion  between  digit  II  and 
the  radiale  and  intermedium.    The  non-ossification  of  so  large  a 
cartilage  as  the  ulnare  is  remarkable.    The  permanence  of  that 
condition  will  leave  greater  flexibility  to  the  part  of  the  paddle 
supported  by  digit  V. 

Joints  of  the  lirrib. — ^The  joints  intersecting  the  digital  nodes 
are  diarthrodial  and  flat,  allowing  of  some  motion,  but   the 
bending  efiPected  is  mainly  by  the  flexibility  of  the  cartUage  of 
the  nodes.    Taking  the  digits  as  a  whole,  there  is  considerable 
flexibility,  limited,  however,  by  the  ligament-hke  attachment  of 
the  representation  of  flexor  and  extensor  tendons.     The  carpal 
and  carpo-metacarpal  joints  are  also  diarthrodial,  clearly  so 
between  the  first  and  second  rows  and  apparently  also  more  or 
less  at  the  lateral  joints  of  both  rows,  but  any  bending  at  the 
carpus  is  owing  to  the  flexibility  of  the  general  cartilaginons 
mass.    The  vrrist  and  elbow  joints  are  diarthrodial,  but  allow  of 
extremely  little  movement.    The  great  movements  of  the  limb 
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are  performed  at  the  fully  developed  shoulder  joint  and  by  the 
movements  of  the  scapula.^ 

Mbrou^issue  representation  of  Finger^musdes. — Having  noticed 
generally  this  interesting  condition  as  seen  in  the  Narwhal  (this 
Journal,  voL  vi.,  1871,  p.  115),  and  in  Globic^halus  melas, 
Phocena  and  Beluga  (ibid.,  vol.  xxii.,  1888,  p.  268),  I  note  it 
now  more  particularly  as  seen  here.  The  above  designation 
suggests  the  arrangement.  The  common  tendon,  or  fibrous  band, 
separates  at  the  carpus,  or  both  palmar  and  dorsal  aspect,  into 
five  bands,  one  for  each  digit,  having  attachment  to  each  phalanx 
and  continued  on  to  the  last.  At  the  metacarpus,  here,  these 
bands  are  J  inch  broad  and  ^  inch  thick,  being  thereby  bulkier 
than  the  extensor  tendons  of  the  human  fingers.  Traced  up  the 
forearm,  the  great  fibrous  band,  or  common  tendon,  on  the 
extensor  aspect,  runs  up  at  the  middle,  filling  the  interosseous 
hollow ;  on  the  flexor  aspect  rather  as  two  more  flattened  bands 
one  on  each  bone,  on  the  whole  less  bulky  here  than  on  the 
extensor  aspect  but  gaining  strength  on  the  carpus,  metacarpus 
and  phalanges,  this  especially  marked  on  the  divergent  digit  V. 

In  the  cetacea  that  have  finger-muscles  the  tendons  are  free, 
with  shght  exception  at  the  carpus,  till  they  reach  the  meta- 
carpus or  the  first  node,  but  here,  in  Beluga,  the  tendinous 
representation  is  attached  in  its  whole  course,  and  composed 
throughout  of  longitudinally-bundled  white  fibrous  tissue.  With 
that  structure  and  these  connections,  it  is  manifest  that  these 
morphological  representations  of  the  flexor  and  extensor  muscles 
can  serve  only  the  passive  fimction  of  ligaments,  giving  resist- 
ance to  overbending  of  the  digits  in  the  opposite  direction.* 

^  The  above  presents  some  contrasts  to  the  condition  of  the  joints  in  whale- 
bone cetaceans  (described  in  this  JoumcUf  Jan.  1895).    Thus,  in  Mysticetus 
tlie  joints  distal  to  the  elbow  are  not  diarthrodial ;  either  with  only  soft  substance 
or^  as  at  the  carpus,  fine  fibrous  tissue,  between  the  cartilages.     In  the  Finners, 
tbe  digital  joints  axe  diarthrodial ;  those  at  the  carpus  and  wrist  not  diarthrodial, 
tlie  surfaces  united  by  fine  fibrous  tissue  ;  but  in  Megaptera  there  were  synovial 
cavities  above  and  below  the  disto-carpal  that  supports  the  greatest  digit.    The 
progress  of  the  carpal  joints  to  the  diarthrodial  condition  appears  to  be  related 
znore  to  the  number  and  ossification  of  the  carped  elements  than  to  the  presence 
OT  iBize  of  finger  muscles.    Here,  in  Beluga,  finger  muscles  are  absent  but  the 
carpal  joints  are  more  or  less  synovial. 

>  The  conversion  of  a  muscle  from  the  muscular  to  the  purely  ligamentous 
eaa[&<lition,  whether  from  the  embiyonic  state  or  in  the  course  of  the  descent  of 
requires  only  the  disappearance  of  the  more  or  less  oblique  muscular 


154  DR  JOHN  STRUTfiERS. 

APPENDIX. 

Comparison  of  the  Carpus  with  thai  of  another  Beluga. 

I  had  only  the  pectoral  fins  of  this  beluga,  taken  in  the  Greenland 
seas  in  1875.  Although  this  was  the  first  examined  I  have  taken  the 
1864  one  for  description  in  the  text,  as  belonging  to  the  individual 
forming  the  subject  of  the  paper,  and  mention  here  only  certain 
differences  in  this  one.  But  they  are  essentially  similar,  any  differ- 
ences depending  mostly  on  the  greater  size  and  more  advanced  ossi- 
fication. Figure  2  is  taken  from  this  beluga,  and  shows  the  different 
shape  of  the  centrale  in  the  carpus,  but  the  figure  is  much  more 
reduced  than  figure  2.  This  beluga  was  about  a  foot  longer  (13^  feet 
against  close  on  12^,  sex  not  stated).  Paddle,  from  head  of  humerus 
2  inches  longer  (21  against  19)  ;  the  four  larger  digits  about  an  inch 
longer ;  the  pollex  about  ^  inch  longer ;  breadth  of  carpus  6  inches 
against  5  in  the  1884  beluga,  and  consequently  the  carpal  cartilages 
larger. 

The  same  markings  in  detail  are  strikingly  seen,  6.^.,  the  same  wids 
longitudinal  groove  on  the  palmar  surface  of  the  intermedium  and  d.c. 
3,  running  from  the  interosseous  space  of  the  forearm;  the  same 
transverse  depression  on  the  palmar  surface  of  M.  II  and  III  near 
their  base,  &c.  The  ulnare  in  this  beluga  also  is  entirely  cartila- 
ginous. 

The  following  differences  were  found.     (1)  Ossification  has  begun 
in  d.c,  3  in  both  wrists  ;  a  very  small  concealed  ossicle  placed  rather 
to  the  radial  side,  in  accordance  perhaps  with  the  greater  relative  size 
of  that  cartilage  in  this  beluga  (between  the  angles  of  the  diamond,  1^ 
X  1  inch  on  palmar,  1|  x  1  on  dorsal  surface).     Looked  at  from  the 
side,  the  form  might  be  described  as  rhomboid  rather  than  as  diamond- 
shaped.     (2)  The  centrale  is  separated  from  d.c.  3  by  an  interval  (J 
inch  on  palmar  surface,  less  on  dorsum),  allowing  d.c.  3  to  articulate 
so  far  with  the  intermedium,  and   the  form  is  more   rhomboidal, 
directed  upwards  and  outwards  to  the  radiale  (length  about  f  inch, 
breadth  ^  inch).     The  form  shown  in  figure  3  (of  the  1884  beluga) 
would  be  changed  to  the  form  here  by  carrying  the  articulation  with 
the  intermedium  rapidly  down  upon  d.c.  2,  thus  cutting  off  the  ulnar 
angle  of  the  diamond.     This  difference  in  form  may  be  recognised  in 
figure  2. 

The  centrale  has  thus  only  four  articulations  in  this  beluga,  shut  in 

fibres,  allowing  the  two  aponeurotic  expansions  to  coalesce,  or  the  one  aponearotic 
expansion  to  adhere  to  the  bone.  Any  muscle  that  has  continuous  fibrous  tiasa« 
from  end  to  end  has,  so  far,  a  ligamentous  function  in  addition  to  its  contractile 
function.  As  remarked  in  my  account  of  the  finger  muscles  in  Mysticetua  (tliis 
Journal,  vol.  zii.,  1878,  p.  224),  **  In  all  these  muscles  the  tendinous  tiFsue  is 
continuous  from  end  to  end,  so  that  their  ligmentous  function  is  establiafaed.. 
Were  the  muscular  substance  to  disappear,  the  tendons  and  their  prolongations 
would  form  ligaments,  as  we  see  in  the  entirely  fibrous  representatives  of 
finger  muscles  in  the  ordinary  toothed  whales." 
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between  d.c.  2  and  3  distally  and  the  radiale  and  intermedium  proxi- 
mally.  On  the  dorsal  surface  it  is  more  square-shaped,  with  the 
proportions  changed,  the  upward  and  outward  measurement  ^  inch, 
the  upward  and  inward  measurement  about  f  inch.  The  greater  up- 
ward and  outward  extent  on  the  pahnar  surface  is  owing  to  its  there 
encroaching  a  little  on  the  radiale. 

The  above  applies  to  the  left  carpus.  In  the  right  carpus  the  cen- 
tnde  is  somewhat  different.  On  the  palmar  surface  it  is  distinctly 
mapped  out  in  the  same  situation  as  a  shorter  rhomboid  (^  inch  each 
way),  but  on  the  dorsum  the  exactly  corresponding  part  is  confluent 
below  with  d.c.  2.  I  may  note  that  had  the  centrale  not  been  visible 
as  it  is  on  the  palmar  surface,  there  is  an  appearance  just  above  it 
that  might  have  been  taken  for  a  vanishing  centrale,  in  the  seeming 
marking  off  of  the  lower  comer  of  the  intermedium  here  by  a  trans- 
verse weakness  in  the  cartilage,  and  on  the  dorsum  by  one  of 
several  rough  grooves,  but  they  are  not  of  the  articular  kind.  I  note 
this  as  a  caution  to  those  who  may  be  too  easily  satisfied  in  their 
search  for  a  centrale.  Several  of  the  carpal  bones  in  this  beluga  show 
roughnesses  on  the  surfaces  as  if  from  more  than  normal  action. 


EXPLANATION  OF  PLATE  IV. 

Fig.  1  shows  the  form  of  this  beluga,  from  a  photograph,  reduced  to 
about  ^ ;  pectoral  fin  and  tail-fin  seen  in  full  view,  not  as  seen  in 
the  photograph.  Along  dorsal  line,  are  seen,  above  the  beak,  the 
forehead  cushion  j  behind  this  the  elevation  at  the  blow-holes,  form- 
ing top  of  head  ;  between  forehead  cushion  and  blow-hole  eminence, 
a  concavity ;  behind  blow-hole  elevation,  the  cervical  concavity ; 
on  body,  the  general  convexity  of  back,  becoming  concave  towaids 
caudal  part  of  body.  No  special  elevation  indicating  a  rudimentary 
dorsal  fin.  On  ventral  line,  general  convexity  back  to  depression  at 
anus ;  behind  that)  caudal  region  convex,  more  so  as  it  turns  up  to 
tail-fin.  Tail'fin,  turned  round  so  as  to  show  full  length  and  breadth, 
depth  of  median  notch  and  form  of  lateral  lobes.  Pectoral  fin, 
shown  in  full  breadth,  very  broad  form  seen  ;  behind  its  blunt  point, 
two  projections  seen  corresponding  to  digits  IV  and  V ;  great  convexity 
of  ulnar  border  behind  that,  and  of  entire  radial  border,  shown,  more 
fully  seen  in  fig.  2.  Position  of  ear-hole  seen  as  small  dot  some  way 
'behind  eye. 

Fig.  2.  Left  pectoral  limb,  palmar  surface,  from  another  and  larger 
l>eluga ;  direct  from  photograph  of  the  dissection,  reduced  to  about  ^, 
^8  the  bones  of  the  digits  were  still  supported  by  skin  on  dorsid 
flnurface,  the  fig.  shows  exact  position  of  each  digit.  See  great 
divergence  of  £git  V,  digit  II  going  to  point  of  paddle,  and  digits 
XV  and  V  forming  the  two  projections,  seen  also  in  fig.  1.  Distal 
epiphysis  of  radius  and  ulna  shown  as  cartilage,  but  ossified  within. 
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Small  size  of  olecranon  and  pisiform  seen.     Carpus, — See  lettering 
on  fig.  3.     Same  arrangement  as  in  carpus  of  fig.  3,  but  centrale 
does  not  articulate  with  disto-carpal  3.     Metacarpal  lY  seen  in  this 
beluga  to  articulate  with  carpal  cartilage  of  metacarpal  III.    Carpal 
ossifications  seen  as  they  show  on  the  surface.     Disto-carpal  3,  in 
this  beluga,  contained  small  ossification,  not  seen.     Digits,— -Dm- 
throdial  joint  indicated  intersecting  each  node.     Number  of  bones, 
including  metacarpal,  in  each  digit ;  pollex  2 ;  index  6 ;  medius  5 ; 
annularis  4  ;  minimus  4,  the  fourth  a  very  small  ossification,  not 
present  in  beluga  from  which  figs.  1  and  3  are  taken.     Terminal 
cartilages  of  digits  seen,  of  digit  II,  long  and  tapering;  the  others 
broad  at  first  then  tapering ;  their  distance  from  edge  of  paddle  seen. 
Fig.  3.  Left  carpus,  <&c.,  palmar  aspect,  photograph  from  full-sized 
drawing  from  nature  by  author,  reduced  to  \,     Bones  shown  in  out- 
line  only,  cartilages  of  carpus  dotted  dark,  other  cartilages  dotted 
lightly.     R  and    £7,   lower  ends   of  radius  and  ulna;  cartilage  of 
epiphyses  seen,  conceal  ossified  epiphyses  which  are  united  to  shaft ; 
epiphyses  at  elbow  and  shoulder  also  united  to  shafts.     Carpus,  lines 
of  articulation  bounding  each  cartilage  seen.    Procarpals,  r,  radiiale,  with 
its  ossification  ;  t,  intermedium  with  its  ossification,  seen  not  to  pass  up 
between  radius  and  ulna  ;  Uy  ulnare,  not  ossifying ;  p,  pisiform,  very 
small,  not  ossifying.     Disto-carpals,  i,  carpale  I,  with  its  ossification ; 
2,  carpale  II,  with  its  ossification,  seen  to  pixDJect  distally  more  than 
the  other  disto-carpals  ;  <?,  carpale  III,  small  and  diamond>shaped,  not 
ossifying  in  this  carpus,  but  ossifying  in  carpus  of  fig.  2 ;  J^  carpale 
IV,  with  its  ossification  (carpale  Y  suppressed) ;  c,  centrale,  seen  to 
articulate  also  with  disto-carpal  5,  but  not  in  fig.  2 ;  I,  metacarpal  of 
pollex,  entire  pollex  shown,  one  phalanx  and  terminal  cartilage ;  IE, 
III,  IV,  and  V,  metacarpals  of  these  digits  with  cartilaginous  epiphysis 
at  each  end.     Metacarpal  Y  seen  to  be  incompletely  ossified ;  meta- 
carpal II  with  peculiar  proximal  end.     The  exact  articulations  of  each 
carpal  cartilage  are  shown.     Metacarpal  IV  in  this  beluga  does  not 
articulate  with  metacarpal  III,  separated  by  lower  angle  of  disto- 
carpal  4*     The  ossifications  of  the  carpals  are  shown  as  they  appear 
on  the  surface. 


THE  MOEPHOLOGY  OF  THE  TEUE  "  LIMBIC  LOBE  " 
COEPUS  CALLOSUM,  SEPTUM  PELLUCIDUM  AND 
FOENIX.^  A  preliminary  communication  by  G.  Elliot 
Smith,  M.D.,  Ch.M.,  Demonstrator  of  Arwiomy,  University 
of  &ydmy,  N.S.  W, 

In  this  research  over  seventy  brains  of  non-placental  mammals, 
adult  and  fcetal,  have  been  examined  by  means  of  dissections, 
and  sericd  sections  in  various  planes.  Various  methods  of 
staining  have  been  used.  The  bulk  of  the  work  has  been  done 
with  the  method  of  Weigert  and  its  various  modifications.  The 
Golgi  method  has  also  been  employed  in  many  cases.  For  com- 
parison a  large  number.of  Eutherian  cerebra  have  been  examined, 
special  dissections  havii^  been  made  of  the  brains  of  the  rabbit, 
pig,  dog,  guinea-pig,  sheep,  rat,  and  man.  Festal  brains  of  the 
pig,  rat,  and  man  have  been  examined.  A  number  of  brains  of 
birds  and  several  reptilian  brains  (tortoise,  lizard,  and  snake) 
have  also  been  examined.  For  much  valuable  material  I  am 
deeply  indebted  to  the  generosity  of  Professors  Wilson  and 
Anderson  Stuart,  and  Mr  J.  P.  Hill. 

In  1838  Gerdy  described,  under  the  name  ^' circonvolution  annu- 
Ictir^"  a  margins^  band  of  the  mesial  hemisphere  wall  surrounding 
the  "  hilum "  (grande  ouverture  de  VMmisph^e  of  Foville  and 
Oratiolet).  He  included  in  this  band  the  region  now  known  as  the 
gyrus  fornicatus,  which  he  described  as  being  connected  anteriorly 
iv'itii  the  olfactory  lobe,  and  posteriorly  with  the  gyrus  hippocampi. 
He  r^arded  the  ring  as  being  interrupted  by  the  vallecula  Sylvii. 

In    the  following  year  Foville,  from  a  study  of  the  human  brain, 
added  the  locus  perforatus  anticus  of  Vicq-d'-Azyr  and  the  external 

1  Tho  sabject-matter,  of  which  this  paper  is  a  synopsis,  formed  part  of  a 
Thesis,  dealing  with  the  Comparatiye  Anatomy,  Histology,  and  Embryology  of 
the  oerebrnm  of  the  Monotremata  and  Marsupialia,  which  was  awarded  the 
University  medal  by  the  examiners  for  the  degree  of  Doctor  of  Medicine  of  the 
University  of  Sydney  in  March  1895. 

[This  3ilemoir,  dated  Sydney,  August  2,  1895,  was  received  September  14th. — 
jEditok.3 
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olfactory  root  to  complete  the  bordering  ring  of  G^rdy,  and  called  the 
complete  marginal  bond  the  drconvolution  de  Vourlet. 

In  1877  Broca,  after  studying  the  comparative  anatomy  of  the 
cerebrum  in  a  series  of  mammals,  revived  the  idea  which  Foville  had 
advanced  from  human  anatomy,  and  on  morphological  grounds 
separated  the  callosal  and  hippocampal  convolutions  with  the  olfactory 
lobe  from  the  rest  of  the  hemisphere.  Since  these  parts  appeared  to 
him  to  immediately  bound  the  threshold  (seutUlimen),  he  distinguished 
I  them  as  the  limbe  de  VMmisphere  (limbus)  or  the  grande  lobe 
,  limhique.^ 

To  Broca's  lobe  in  1881  Schwalbe  very  properly  added  ^  the  fascia 
dentata,  septum  pellucidum  and  fornix,  and,  excluding  the  olfactory 
bulb,  called  the  reconstructed  lobe  fcdciform.  The  subsequent 
researches  of  Zuckerkandl  have  shown  that  a  number  of  rudimentary 
convolutions  in  the  Eutherian  brain — including  the  gyri  aupracdllosus^ 
genictdi  suhcdLlosus  and  infracdllostis,  the  induseum  griseum  of  Ober- 
steiner  and  the  strisB  longitudinales  Lancisi — ^must  be  added. 

Anatomists  generally  have  recognised  the  lobe  in  its  modified  form, 
and  it  has  unfortunately  been  introduced  into  text-books  as  a  ''  lobe  " 
of  the  brain. 

In  commencing  the  study  of  the  non-placental  mammalian  cerebrum 
last  year  I  was  at  once  met  by  the  difficulty  that  it  was  quite  impos- 
sible to  describe  the  cerebram  in  question  according  to  the  accepted 
method  of  subdividing  the  brain.  In  other  words,  the  limbic  or 
falciform  lobe  of  Broca  and  Schwalbe  was  found  to  be  quite  incom- 
patible with  the  brain  of  the  Proto-  and  Meta-theria. 

On  studying  the  subject  in  relation  to  the  developing  Eutherian 
brain,  I  found  that  the  same  objections  to  the  acceptance  of  Broca's 
theory  also  obtained  there  as  in  the  marsupial. 

As  the  morphology  of  the  region  is  so  largely  influenced  by 
the  development  of  the  corpus  callosum  and  septum  pellucidum, 
it  will  be  necessary,  for  the  sake  of  clearness  and  completeness, 
to  briefly  examine  the  main  factors  in  the  evolution  of  these 
structures. 

In  the  cerebrum  of  all  non-placental  mammals  the  "  hiluia  ** 
of  the  hemisphere  is  completely  surrounded  by  a  distinct  and 
well-defined  ring  of  grey  matter,  whose  several  parts  present 
quite  as  high  a  degree  of  histological  differentiation  as  is  found 
in  any  Eutherian  brain,  so  that  their  recognition  is  certain  and 
easy.  This  marginal  band,  moreover,  is  the  only  part  of  the 
hemisphere  which  is  intimately  associated  with  the  olfactory 
apparatus.  Hence,  as  it  fulfils  the  two  conditions  which  Broca 
believed  to  characterise  his  limbic  lobe,  ie.,  that  it  is  "  limbic  " 

1  Bull,  de  la  Soc,  d'ArUhropologie,  1877,  t  xii.  p.  64^657. 
'  Lehrbucli  der  Neurologic,  1881. 
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and  olfactoiy,  this  region  may  be  distinguished  as  the  "  true 
limbic  lobe."  This  region,  moreover,  is  phylogenetically  the 
most  ancient  part  of  the  cortex  cerebri,  which,  as  will  be 
explained  later,  is  the  reason  why  it  is  marginal 

In  the  cerebrum  of  0mit?iorhynchu8  (fig.  1)  this  bordering 
ring  consists  of  three  histologically  distinct  parts ;  and  as  their 
general  topographical  relations  resemble  those  of  the  Sauropsidan 

Hi    \ 


Fio.  1. — Mesial  anrface  of  cerebrum  of  ornithorhynclius.— /.(i,  fascia  dentata  ; 
fi,  fimbria  ;  f.r,  rhinal  fissure  ;  A,  hippocampus  ;  h,/,  hippocampus  fissure  ; 
ol/.bf  olfactory  bulb;  p.a,  prsecommissural  area;  pyr^  pyriform  lobe;  to, 
tuberculum  olfactorium. 

and  higher  Ichthyopsidan  brain,  their  mode  of  arrangement  may 
be  accepted  as  a  general  type  for  the  whole  vertebrate  series. 

The  true  limbic  lobe  in  its  primitive  form  consists  of  three 
parts,  which  may  be  distinguished  as  the  dorsal  and  ventral 
limbs  and  a  "  pars  intermedia."  The  dorsal  limb  (fig.  1,  A)  is 
formed  by  the  hippocampus,  which  not  only  forms  the  upper 
margin  of  the  fissura  choroidea  in  its  whole  length,  but  extends 
forwards  as  far  as  the  anterior  extremity  of  the  cerebrum.  The 
veTUrcU  limb  (jpyr)  is  formed  by  the  pyriform  lobe,  which  forms 
the  inferior  lip  of  the  "  porta,"  ^  and  bends  upwards  behind  the 
hilum  to  become  continuous  with,  and  overlap,  the  caudal 
extremity  of  the  dorsal  limb.  The  pars  intermedia  consists  of 
an  extensive  grey  mass,  which  forms  the  anterior  boundary  of 
the  "  porta "  of  the  hemisphere,  and  connects  the  anterior 
extremity  of  the  dorsal  limby  which  Ues  above  it,  with  the 
anterior  extremity  of  the  ventral  limi,  which  lies  below  it,  thus 
completing  the  marginal  ring.    It  consists  of  three  parts — (1) 

^  The  term  ** porta  "  is  not  used  here  with  any  strict  anatomical  significance  as 
Wilder  uses  it,  but  merely  as  a  convenient  term  with  a  self-evident  significance. 
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the  ^^  precommissv/ral  area  **  of  the  median  cortex,  (2)  the  thickened 
lamina  terminalis  which  is  the  homologue  of  the  septum  pellu- 
cidum  of  higher  mammals,  and  (3)  the  tubercnlum  olfactorium. 

In  the  mammalian  group  the  simplicity  of  the  arrangement  of 
this  early  limbic  lobe  becomes  considerably  obscured,  and  its 
morphology  greatly  disturbed  by  three  main  factors: — (1)  by 
the  bending  down  of  the  posterior  extremity  of  the  hemisphere 
to  form  a  descending  horn,  (2)  by  the  growing  pallium  over- 
lapping and  otherwise  obscuring  parts  of  the  marginal  ring, 
and  (3)  by  the  development  of  the  corpus  callosum.  These 
three  modifying  elements  are  more  or  less  directly  the  result 
of  the  rapid  growth  and  the  large  proportions  of  the  pallium 
(Turner) — which  is  the  great  characteristic  feature  of  the  mam- 
malian brain.  Although  these  three  factors  are  merely  different 
expressions  of  the  one  great  cause,  their  several  effects  are  so 
distinct  from  one  another,  that  it  is  convenient  to  discuss  their 
influence  upon  the  marginal  region  separately.  The  development 
of  the  commissures  has  such  an  important  bearing  upon  the 
questions  under  consideration  that  a  short  account  of  their 
phylc^ny  is  necessary  to  elucidate  this  subject.  This  account, 
however,  is  little  more  than  a  synopsis  of  this  part  of  the  subject, 
which  will  be  discussed  more  fully  in  a  subsequent  paper. 


Caudal  flexion  of  the  hemisphere. 

Late  in  the  foetal  life  of  the  lowest  mammal,  the  posterior 
extremity  of  the  cerebral  hemisphere  becomes  bent  downwards 
to  form  a  small  descendii^  horn.    The  posterior  extremities  of 
the  hippocampus,  choroid  fissure  and  pyrif orm  lobe,  which  form 
part  of  this  caudal  pole  of  the  hemisphere  (and  which  hitherto 
had  been  practically  horizontal),  now,  of  course,  become  corre- 
spondingly flexed.    The  result  of  this  bending  upon  the  posterior 
extremity  of  the  hippocampus  in  Omithorhyrvchus  is  shown  in 
figures  1  and  2.    In  Hchidna  (fig.  3)  the   bend  becomes  laore 
marked,  so  that  the  hippocampus,  instead  of  being  entirely 
dorsal  to  the  "  hilum,"  now  forms  the  whole  of  its  upper  awd 
posterwr  margins.     As  the  result  of  the  flexion  of  the  pyrif  orm 
lobe,  its  posterior  part  becomes  bulged  downwards,  giving  rise  to 
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a  natiform  or  "  hippocampar*  eminence,  which  in  Platypus  is 
practically  absent,  owing  to  the  slight  degree  of  flexion. 

In  the  marsupial  the  bending  of  the  hemisphere  goes  a  stage 
further  than  in  &hidna,  so  that  the  hippocampus  and  choroid 
fissure  (fig.  4)  form  regularly  arched  structures,  which  not  only 
bound  the  hilum  above  and  behind,  but  also  partly  below.  The 
exact  amount  of  bending  varies  in  diflferent  marsupials  and 
placental  mammals  (fig.  5),  but  it  is  always  greater  than  in 
Behidna,  Thus  in  Man  the  bend  is  so  extensive  that  the 
recurved  tip  of  the  hippocampus  almost  touches  the  locus 
perforatus  anticus. 

The  pyriform  lobe. 

In  all  mammals  above  the  monotremes  the  pyrif orm  lobe,  as  a 
result  of  the  caudal  flexion  of  the  hemisphere,  becomes  divided 
into  two  parts  by  a  deep  depression  or  notch,  which  constitutes  ■ 
the  vallecula  Sylvii  (Turner).  The  part  of  the  lobe  which  lies 
behind  this  depression  becomes  very  prominent  (mainly  as  a 
result  of  the  bending)  and  constitutes  the  eminentia  natiformis 
(hippocampal  lobule,  gyrus  hippocampi  seu  uncinatus).  To  this 
region  the  name  "pyriform  lobe"  is  also  very  generally 
restricted.  The  inaccuracy  of  such  a  nomenclature  is  clearly 
demonstrated  in  the  brain  of  Platypus,  and  to  a  less  degree  in 
that  of  Hchidna. 

Beginning  immediately  behind  the  bulbus  olfactorii  upon  the 

basal  aspect  of  the  cerebrum  of  OmUhorhynchus,  and  extending 

backwards  on  to  the  mesial  aspect  (fig.  1,  pyr)  to  terminate 

behind  the  "  tail "  of  the  hippocampus,  there  is  a  fairly  uniform 

strip  of  cortex  of  a  pale  grey  colour,  which  is  cut  off  from  the 

adjacent  regions  by  two  deep  and  well-defined  fissures.     In  the 

whole  of  its  extent,  from  the  place  where  it  becomes  continuous 

with  the  pedunculus  olfactorii  to  its  termination  in  relation  to 

die  hippocampus,  it  presents  a  uniform  histological  structure. 

Examined  by  the  methods  of  Golgi  and  Weigert  it  presents  a 

uniform  (in  transverse  section)  superficial  layer  of  medullated 

nerve  fibres,  which,  after  giving  off  a  number  of  fine  "  collaterals," 

themselves  terminate  by  end-branchings    in    relation  to  the 

protoplasmic  processes  of  the  cells  of  the  region.     The  pyriform 

VOU  XXX.  (N.8.  vol.  X.)  L 
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lobe  contains  a  large  number  of  scattered  small  polymotphoiu 
cells,  but  in  addition  presents  a  very  r^ular  row  of  medium-sized 
cells,  which  closely  resemble  those  which  t.  Koelliker  has 
described  under  the  name  "  Doppelpyramiden  "  in  the  Babbit  as 
being  characteristic  of  the  pyriform  lobe.  There  is  therefore 
no  raaaon  to  restrict  the  term  "  pyritorm "  to  the  caudal 
extremity,  and  exclude  all  the  remainder  of  the  same  histolc^cal 
formation. 


^ 
O 


3  \ 
3-3 


In  the  whole  of  its  extent  the  pyrifonn  lobe  is  bounded 
laterally  by  a  deep  rhinal  (ectorhinal— Turner)*  fissure,  which 
posteriorly  extends  on  to  the  mesial  hemisphere  wall  (fig  l./lr). 
The  anterior  extremity  of  the  pyriform  ia  separated  from  the 
tuberculum  olfactorium,  which  lies  on  its  mesial  aide,  by  a  well- 
defined  fissure — the  endorMnal  of  Turner.  In  both  monotremes 
the  fibres  of  the  "external  olfactory  radiation"  (Edinger)    lu 
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they  proceed  backwards  are  uniformly  scattered  over  the  surface 
of  the  pyriform  lobe,  but  in  all  the  marsupialo  and  in  most 
placental  mammals  the  fibres  become  collected  to  form  a  well- 
marked  strand  lying  in  the  fissura  endorhinalis.  For  this  reason 
Herrick  distinguishes  the  latter  as  ''fismraradids!'  The  fissura 
endorhinalis  appears  much  earlier  in  development  than  the 
f.  ectorhinalis,  because  the  tuberculum  olfactorium  develops  very 
early.  The  fissura  ectorhinalis  first  appears  in  the'  mammalia ; 
and  while  the  proportion  of  pallium  to  rhinencephalon  is  incon- 
siderable, the  fissure  is  apt  to  be  indistinct,  or  even  absent.  Thus 
in  Peramdes  there  is  hardly  any  fissure  at  all,  and  in  Notoryctes 
it  appears  to  be  quite  wanting.  The  pyriform  lobe  correspond- 
ing to  its  early  appearance  in  phylogeny  reaches  the  height  of 
its  development  early  in  ontogeny.  As  the  pallium  increases 
there  must  soon  come  a  time  in  most  mammals  when  the  grow- 
ing pallium  must  "bulge  over"  as  it  were,  the  relatively 
stationary  pyriform  producing  the  endorhinal  fissure. 

Platypus,  from  its  aquatic  habits,  has  a  small  (relatively) 
olfactory  apparatus,  and  therefore  a  small  pyriform  lobe,  which 
lies  entirely  upon  the  basal  and  median  aspects  of  the  cerebrum. 
But  in  animals  with  a  largely  developed  olfactory  apparatus  and 
a  small  pallium  {Notoryctes,  Peramelea,  Dasyurus)  the  pyriform 
extends  well  on  to  the  lateral  aspect  of  the  cerebrum,  or  even 
forms  the  greater  .part  of  that  surface.  In  macrosmatic  animals 
with  a  large  pallium  {Echidna,  Macropus,  Hypdprymnus),  as  also 
in  animals  who  have  much  smaller  pallia  but  are  also  relatively 
microsmatic  {OrTvUhorhynchus,  Fhalangida,  Fetaurus,  Phasco- 
lardcs),  the  jyriform  is  mainly  basaL^ 

The  application  of  the  name  "  hippocampal"  to  part  of  the 
pyriform,  from  a  supposed  essential  connection  between  the  two 
regions  is  very  unfortunate,  and  has  been  the  cause  of  extreme 
confusion  among  certain  writers  upon  this  region.  In  Man,  and 
in  many  other  microsmatic  mammals,  the  anterior  part  of  the 
pyriform  lobe  (corresponding  to  the  vallecula  Sylvii  and  the 
outer  border  of  the  locus  perforatus  anticus)  becomes  more 
affected  by  the  general  atrophic  process  which  involves  the 

^  All  monotremes  and  marsupials  are  macrosmatic.  The  statement  of  Syming- 
ton tliAt  OmithorhifnGktis  and  of  Wiedersheim  that  the  mouotremes  are  micros- 
matic is  very  miftUading. 
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whole  olfactory  apparatus,  than  the  posterior  part  (gyrus 
uncinatus).  In  all  placental  mammals  (as  will  be  explained 
later)  only  the  caudal  extremity  of  the  Metatherian  hippo- 
campus is  represented.  Hence,  in  the  higher  mammals  only  those 
parts  of  the  hippocampus  and  pyriform  are  left  which  are 
topographically  related  to  one  another.  Hence  anatomists  have 
inferred  that  the  relation  was  essential  and  applied  the  name 
"  hippocampal "  to  this  part  of  the  pyriform.  It  has  been  further 
piSsumed  that  the  subiculum  cornu  ammonis,  forming  as  it  does 
,  in  man  part  of  the  gyrus  hippocampi,  belongs  to  the  pyriform 
(lobe.  An  examination  of  the  cerebrum  of  any  non-placental 
mammal,  and  especially  Platypus,  at  once  removes  all  doubt 
upon  these  points.  In  the  first  place,  the  hippocampus  and 
pyriform  lobe  are  only  topographically  related  at  their  caudal 
extremities  (fig.  1).  It  would  be  wise,  therefore,  to  discard 
altogether  the  term  "  hippocampal "  as  applied  to  part  of  the 
pyriform  lobe.  In  the  second  place,  the  subiculimi  cornu 
ammonis  is  coextensive  with,  and  forms  part  of,  the  hippo- 
campus. It  therefore  does  not  belong  to  the  pyriform  lobe  or 
gyrus  uncinatus. 

Alexander  Hill,i  largely  as  the  result  of  an  investigation  upon 
a  brain  of  OrniihorhyTickvSy  but  evidently  not  thoroughly  well 
preserved,  has  made  a  laudable  attempt  to  clear  away  the  con- 
fusion in  nomenclature  which  the  investigator  meets  on  every 
side  in  the  study  of  this  region.    The  condition  of  the  specimen 
was  obviously  such  as  to  make  it  difficult  for  the  author   to 
recognise  important  connections  in    the    very    region  whose 
nomenclature  he  wished  to  reform.     As  a  consequence,  the  con- 
fused state  of  the  nomenclature  of  this  region  has  not  been 
cleared  up.    Without  any  explanation  he  restricts  the  term 
"  rhinencephalon "  to  the  pyriform  lobe,^  thus  giving  a  new  and 
quite  uncalled-for  significance  to  a  term  which  has  already  quite 
a   perplexing  variety  of  meanings.     This  term  has  to-day    a 
definite   and    exact    significance,  which   Sir  William    Turner 
suggested,  and  adopted  in  his  system  of  cerebral  nomenclature.^ 

>  Philosophical  Trans.,  voL  184,  p.  367,  and  p.  395,  e.s.,  1894. 

^  [On  p.  367  the  rhinencephalon  is  defined,  as  stated  in  the  text,  as  the 
pyriform  lobe,  but  on  p.  375  Dr  Hill  says  that  the  hippocampas  forms,  aa  was 
recognised  by  Broca  and  Zuckerkaudl,  a  part  of  tlie  rhinencephalon. — Edttor.] 

^Journal  of  Anatomy  and  Physiology^  vol.  xxv.,  October  1890. 
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Turner's  rhinencephalon  corresponds  to  the  '*  limbic  lobe  *' 
of  this  paper,  with  the  olfactory  bulb,  and,  as  such,  is  a 
perfectly  rational  and  very  convenient  division  of  the  brain, 
both  to  the  descriptive  anatomist  and  the  morphologist.  This 
term  has  been  used  with  a  variety  of  meanings.  Thus  Geoffrey 
St  Hilaire  and  Bobin  applied  it  to  uniocular  monsters.  Owen 
used  it  as  synonymous  with  bulbus  olfactorii  Wilder  has 
suggested  that  it  be  used  in  much  the  same  sense  as  the 
Germans  use  the  term  "  lobus  olfactorii,"  and  Schafer  {Qimin's 
Anatomy)  would  use  the  term  in  the  same  sense  as  the  term 
limbic  or  falciform  lobe  is  generally  imderstood.  If  this  term  is 
to  be  used  at  all,  it  should  be  employed  with  the  meaning  that 
Turner  has  attached  to  it. 

In  addition  to  this,  Hill's  suggestions  concerning  the  fascia 
dentata  and  olfactory  apparatus  generally,  resting  as  they  do 
upon  very  doubtful  and  (as  he  himself  admits)  incomplete  data, 
were  at  the  time  they  were  made  obviously  premature,  and,  as 
subsequent  research  has  clearly  shown,  quite  opposed  to  fact. 

He  would  have  us  believe  that  the  morphologically  posterior 
pole  (temporal)  of  the  pyriform  is  the  anterior  extremity ;  that 
the  fascia  dentata,  which  is  clearly  the  edge  of  the  cortex,  is 
neither  cortical  nor  the  margin  of  the  cortex ;  and  that  the 
fascia  dentata,  which  he  has  shown  to  be  part  of  the  smell 
centre,  is  quite  disconnected  with  the  olfactory  apparatus, 
except  possibly  through  the  medium  of  the  thalamencephalon. 


The  Hijyi^ocdvqni^i. 

In  a  fcetal  Ornithorhynchus  of  8  cm,  the  whole  of  the  mesial 

liemisphere  wall  above  the  fissura  choroidea  is  hippocampus. 

In   front  of  the  region  of  the  foramen  of  Monro  (where,  of 

coixrse,  the  fissura  choroidea  ceases),  the  hippocampal  formation 

is  continued  forwards  in  the  same  relative  position  as  far  as  th(» 

extreme  anterior  end  of  the  hemisphere.    The  dorsal  lip  of  the 

fissura  choroidea  is  formed  by  the  most  ventral  part  of  the 

hippocampus,  which  is  the  rudimentary  fascia  dentata.    This  is 

continuous  above  with  the  rudimentary  comu  Ammonis,  which 

forms   a   shallow   trough    (Bogenfurche).      The    supero-mesial 
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border  of  the  hemisphere  corresponds  to  the  subiculum  coma 
Ammoius.  In  front  of  the  foramen  of  Monro  the  fascia 
dentata  becomes  directly  continuous  with  the  "  precommissural 
area." 

In  Sauropsida  the  hippocampus  lies  in  the  corresponding 
position  upon  the  mesial  hemisphere  wall  It  does  not,  how- 
ever, stop  at  the  supero-mesial  angle,  but  extends  on  to  the 
dorsal  aspect  of  the  hemisphere.  Although  the  fascia  dentata 
still  lies  wholly  upon  the  mesial  surface  of  the  hemisphere,  the 
cornu  Ammonis  partly  and  the  subiculum  cornu  Ammonis 
wholly  lie  upon  the  dorsal  aspect.  In  the  Amphibia  the  repre- 
sentative of  the  fascia  dentata  probably  extends  on  to  the 
dorsum  of  the  hemisphere. 

In  the  mammalian  brain  the  appearance  and  subsequent  rapid 
growth  of  a  pallium  relegates  the  hippocampus  to  the  mesial 
wall,  of  whose  surface  it  forms  a  gradually  lessening  part  as  the 
animal  scale  is  ascended.    In  its  growth  the  pallium  tends  to 
encroach  upon  the  hippocampus  from  above,  at  the  same  time 
that  the  fciscia  dentata  is  extending  upwards  from  below.    As  a 
result  of  these  two  factors  the  hippocampal  formation  becomes 
iuroUed  and  folded  in  a  manner,  which  is  so  characteristic  of 
the  mammalian  brain.      In  Platypus    the  folding    and    the 
histological  differentiation  of  this  region  are  as  compUcated  as 
they  are  in  Man.     Corresponding  to  its  early  perfection  phylo- 
genetically,  its  growth  in  the  mammalian  foetus  is  also  pre- 
cocious,  so  that  it  is  fully  developed  at  a   time  when  the 
pallium    is    rapidly  extending.      Its  morphology    is    *' fixed" 
therefore,  at  a  time  when  the  actively  growing  and  plastic 
pallium  is  still  extending.     It  is  not  accurate,  therefore,  to  say, 
as  Giacomini  has  done,  that  this  region  does  not  behave  like  a 
convolution,  simply  because  its  morphology  is  constant  in  the 
whole  mammalian  series.    It  is  constant  simply  because,  witli 
the  early  development  of  the  smell-apparatus,  this  part  of  the 
smell-centre  also  develops  early,  and  is  therefore  not  subject  to 
influences  which  affect  other  cortical  regions  later.     It  must  not 
be  forgotten,  however,  that  in  the  production  of  the  complicated 
inrolling,  the  pallium  takes  an  active  part.    In  the  Sauropoida, 
where  tlus  factor  is  wanting,  the  inrolling  is  also  wanting.      Xu 
Xotorydes  typMops,  where  the  pallium  is  probably  smaller  tlxan 
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in  any  other  mammal,  the  hippocampus  is  markedly  simpler  than 
it  is  in  Peramdes  nasuta,  an  animal  only  a  little  higher  in  the 
scale  of  pallial  development. 

In  Notoryctes  almost  the  whole  width  of  the  fascia  denitata 
shares  in  the  constitution  of  the  mesial  hemisphere  walL  In 
Peramel^  only  part  of  the  fascia  dentata  lies  upon  the  surface. 
As  the  pallium  extends  it  gradually  overlaps  the  hippocampal 
region,  beginning  at  its  posterior  extremity,  until  in  the  highest 
Marsupials  the  hippocampal  region  is  completely  shut  out  from 
the  mesial  hemisphere  wall  by  a  pallial  operculum.  This 
condition  is  met  with  in  Macropus,  Fetrogale,  and  HypdprymnuSy 
and  there  is  a  complete  gradation  up  to  this  stage,  beginning 
with  Notoryctes  and  Peramdes^  Dasyiinfs,  Phascolarctos,  Petaurus^ 
and  Pfialafigista.  Both  monotremes  occupy  an  intermediate 
position  between  the  two  extremes,  resembling  Dasyurus  more 
than  any  other  marsupial.  Thus  a  small  region  of  fascia 
dentata  (fig.  1,/d)  is  exposed  as  a  fusiform  grey  mass  immedi- 
ately above  the  fornix  commissure  and  fimbria  (/?).  Apart 
from  this,  the  anterior  extremity  of  the  hippocampus  in  the 
Proto-  and  Meta-theria  affords  a  striking  example  of  the  influence 
of  the  pallium  upon  the  morphology  of  the  hippocampus.  It 
has  already  been  mentioned  that  the  hippocampus  extends 
forwards  in  the  foetal  Platypus  on  the  dorsal  aspect  of  the 
precommissural  area.  As  the  pallium  grows  and  tends  to 
encroach  upon  the  hippocampus  in  this  region,  the  latter  gives 
way  and  bends  down  in  front  (fig.  !),•  invading  (as  it  were)  the 
precommissural  area  (^.a).  This  anterior  extremity  of  the 
hippocampus  does  not  become  folded  like  the  rest  of  the 
hippocampus,  which  cannot  recede  before  the  pallium,  but 
retains  a  simplicity  of  form  which  recalls  the  structure  of  the 
reptilian  hippocampus. 

The  caudal  flexion  of  the  hemisphere  naturally  has  a  marked 
effect  upon  the  "  tail "  of  the  hippocampus ;  but  before  this  can 
be  discussed  fully,  the  commissures  must  be  described. 

{To  he  completed  in  next  Nvmber.) 
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ANOMALOUS  MUSCLE  OF  THE  THORAX,  CONNECTED 
WITH  THE  DIAPHRAGM.  By  Francis  J.  Shepherd, 
M.D.,  Profe88or  of  Anatomy  in  M^Oill  University^  Montreal. 

In  a  well  developed  male  subject  which  was  dissected  during  last 
winter  was  found  the  following  muscle : — 

On  removing  the  left  lung  and  parietal  pleura,  a  long  fiat  ribbon- 
shaped  muscle  was  seen  running  down  the  left  side  of  the  bodies  of 
the  dorsal  vertebree ;  it  arose  from  the  anterior  surface  of  the  head  of 
the  sixth  and  seventh  ribs,  near  the  vertebral  articulation,  by  a  fleshy 
origin  half  a  centimetre  wide.  As  the  muscle  descended  it  became 
broader,  until  it  reached  a  width  of  two  and  one-half  centimetres.  It 
ended  in  two  slips,  the  most  posterior  becoming  tendinous,  and  then 
again  muscular,  blended  finally  with  the  lesser  arcuate  ligament  of  the 
left  side ;  the  anterior  slip,  which  was  muscular  to  its  termination,  but 
had  a  tendinous  intersection,  was  continued  with  the  left  crus  of  the 
diaphragm,  becoming  blended  with  it 

Anomalous  muscles  connected  with  the  diaphragm  are  rare,  and  I 
have  been  unable  to  discover  a  case  similar  to  the  one  above  described. 
The  significance  of  this  muscle  I  am  at  a  loss  to  determine.  Might  it 
not  be  a  remnant  of  what  Prof.  Sir  Geo.  Humphry  calls  the  sub- 
vertebral  rectus  which  is  found  in  the  Japanese  salamander,  of 
which  the  crura  of  the  diaphragm  forms  the  lumbar  remnant  in 
mammals  ? 
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A  DESCRIPTION  OF  TWO  SYMELIAN  MONSTEES.^ 
By  T.  Manners-Smith,  B.A.  (Cantab.),  M.RC.S.,  CJdef 
DevionstratoT  of  Anatomy^  Mason  College,  Birmingham. 
(Plate  V.) 

The  occurrence  of  Symelian  monsters  is  of  sufficient  rarity  to 
make  each  case  worthy  of  careful  anatomical  examination,  with 
a  view  to  a  more  complete  classification,  and,  if  possible,  to  throw 
liome  light  upon  the  causation  of  this  form  of  monstrosity. 

Neglecting  the  fanciful  descriptions  of  the  teratologists  of  the  six- 
teenth and  seventeenth  centuries,  such  as  Lycetus,  Lycosthenes^ 
Palfin,  and  Eueffus,  the  first  systematic  description  of  these  monsters, 
from  a  strictly  objective  and  purely  anatomical  point  of  view,  occurs 
in  the  writings  of  Haller,  published  between  1735  and  1753.  From 
this  period  to  the  time  of  Saint-Hilaire,  who  was  the  first  to  elevate 
the  study  of  monstrosities  to  the  level  of  a  science,  various  observa- 
tions were  made  from  time  to  time  by  Boerhaave,  1757  ;  Sachsse, 
1803;  Otto,  1811;  Dieckerhoff,  1819;  Meckel,  1826;  Cruveilhier, 
1827 ;  and  Behn,  the  last  observer,  in  his  work  De-monopodibus,  was 
the  first  to  point  out  that  these  monsters  possessed  only  one  umbilical 
artery.  The  priucipal  contributions  of  the  last  half  century  are  those 
of  Vrolik,  Solger,  Gebhard,  Odisio,  and  Benington,  to  which  authors 
frequent  referenca  is  made  in  the  text. 

In  the  following  accoimt  I  have  described  the  bones,  muscles,  and 
zierves  of  the  two  monsters  coming  under  my  notice,  and  I  have 
o4>nipared  their  anatomy  with  that  of  many  of  the  specimens  of  the 
0,lx>ve-mentioued  authors. 

Mymenclaiit/re. 

Before  the  time  of  Saint-Hilaire,  Symelian  monsters  were 
described   somewhat  loosely  under  the   names  Monopodia  or 
^nopedia,  names  which,  as  Saint-Hilaire  pointed  out,  it  would 
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be  better  to  reserve  for  those  monsters  possessing  a  single 
inferior  extremity  and  foot.  Other  observers  have  adopted 
as  a  class-name  for  this  family  of  monstrosities,  the  term 
Sireniforma  or  Sirenlike,  from  the  fancied  resemblance  to  the 
sirens  of  mythology.  This  name,  as  Saint-Hilaire  has  also 
pointed  out,  should  be  reserved  for  a  certain  variety  of  Symelian 
monsters  only,  namely,  that  without  feet.  Cruveilhier  preferred 
the  less  correct  but  more  picturesque  and  more  easily  intel- 
ligible descriptions,  either  Monopodia  or  Sirens. 

Saint-Hilaire's  classification  was  as  follows: — (1)  The  two 
inferior  extremities  united,  almost  perfect,  terminated  by  a 
double  foot,  the  sole  of  which  is  turned  in  front:  SymHe  or 
Symeles,  the  Sympus  dipus  of  other  authors.  (2)  The  two  inferior 
extremites  united,  very  incomplete,  terminated  by  a  single  foot, 
almost  always  very  imperfect,  the  sole  of  which  is  turned  in 
front :  ZTromMe  or  Uromeles,  the  Sympus  monopus  of  other 
authors.  (3)  The  two  inferior  extremities  united,  extremely 
incomplete,  terminated  in  a  stump,  or  in  a  point  without  a 
distinct  foot:.  SirenomMe  or  Sirenomeles,  the  Sympus  apus  of 
other  authors. 

The  specimens  which  came  into  my  possession,  through  the 
kindness  of  Dr  Windle,  were  two  in  number,  one  belonging  to 
the  class  Symeles,  the  other  to  the  class  Sirenomeles ;  a  third 
specimen,  which  at  first  sight  appeared  to  belong  to  the  claas 
Uromeles,  turned  out,  on  dissection,  to  belong  to  the  family 
Monopodia. 

The  Osseous  System. 

Specimen  I.    There  were  thirteen  dorsal  vertebrse;  thirteeti 
ribs  on  the  left  side,  six  lumbar  vertebrse. 

Specimen  II.  Lumbar  vertebrse  normal  in  number;  last 
lumbar,  however,  articulated  with  the  ilium.  There  waa  con- 
siderable right  convex  bending  in  the  lumbar  region. 

In  Grebhard's  first  specimen  there  was  considerable  scolioois 
with  left  convex  bending  in  the  dorsal  region,  right  convex  in 
the  lumbar.    The  ribs  and  vertebrae  were  normal  in  nixmber. 
In  one  of  Vrolik's  specimens  there  were  eleven  ribs  on  the  right 
side ;  the  normal  arrangement  on  the  left.    In  a  second  specimen 
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of  the  same  author  there  were  thirteen  ribs,  six  lumbar  vertebrae ; 
the  last  lumbar  vertebra  was  joined  to  the  iliac  shield.  In  one  of 
Otto's  specimens  there  were  fourteen  ribs  on  the  left  side ;  six  only 
on  the  right.  In  a  second  specimen  of  the  same  observer  there 
were  eleven  ribs  on  each  side ;  five  lumbar  vertebra? ;  the  last 
effected  a  movable  articulation  with  the  pelvis.  In  a  third 
specimen  sacrum  and  coccyx  were  absent,  and  pelvis  articulated 
with  the  last  lumbar  vertebra.  In  a  fourth  there  were  eleven 
ribs  and  five  lumbar  vertebrae ;  the  last  effected  an  articulation 
with  the  pelvis.  Thus,  in  most  of  the  specimens  examined  and 
collected,  the  ribs  were  either  diminished  or  increased  in  number 
on  one  or  both  sides  of  the  body. 

The  iliac   bones  in  the  first  specimen  were  well  developed 

and  separate.    The  ischia  were  fused,  and  the  pubes  normal. 

In  the  second  specimen  the  ilia  were  fused  into  an  iliac  shield, 

the  ischia  were  rudimentary,  the  pubes  were  fused  and  existed 

as  a  projection  from  the  ilia.     The  femora  and  patellae  were 

separate  in  the  first  specimen ;  they  were  fused  in  the  second. 

The  fibulae  were  fused  in  the  first  specimen,  as  also  were  the 

fourth  and  fifth  metatarsal  bones.     The  fused  fifth  rested  on  the 

dorsal   surfaces  of  the  fused  fourth;  both   articulated  with   a 

bone  resulting  from  a  fusion  of  the  two  cuboids.     The  calcanea 

were  the  only  other  united  bones  of  the  foot;  the  remaining 

bones  were  normal  in  number.     The  bone  resulting  from  the 

fused  fibulae  was  situated  in  the  middle  line  between  the  two 

tibiae.     The  fused  calcanea  articulated  superiorly  with  the  fused 

fibulae,  and  inferiorly  with  the  fused  cuboids.     Thus,  the  fibulae, 

the  calcanea,  the  cuboids,  the  fourth  and  fifth  metatarsal  bones, 

iRrere  all  fused  and  situated  in  the  median  line  of  the  leg  and 

foot.     In  the  second  specimen  the  femora  had  met  by  their 

outer  surfaces,  and  were  fused  into  a  single  bone.    The  leg  was 

only  represented  by  a  pointed  process,  resulting  from  the  fusion 

of  the  upper  ends  of  the  tibiae.    The  patellae  were  also  fused. 

Specimens  have  been  described  by  Vrolik,  Otto,  Cruveilhier, 
Solger,  Gebhard,  and  Odisio,  having  an  almost  identical  arrange- 
ment with  that  of  the  above  two  specimens.     In  other  specimens, 
however,  femora  were  more  or  less  distinct  above  or  below,  6uid 
Irwo  patellae  and  rudiments  of  two  tibiae  were  present. 

If  there  is  a  diminution  in  any  of  the  leg  or  foot  elements,  it 
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would  seem  to  take  place  in  a  regular  order,  from  the  fibular  to 
the  tibial  side.  Thus,  in  some  cases,  all  four  1^  bones  are 
present ;  the  fibulae  are,  however,  approximated.  In  other  cases 
there  is  a  single  median  bone  situated  between  the  two  tibiae,  and 
resulting  from  a  fusion  of  the  two  fibulae.  Again,  fibulae  may 
have  entirely  disappeared,  the  tibiae  only  being  present,  either 
complete  and  separate  or  incomplete  and  fused.  Lastly,  only  a 
bony  point  may  be  present,  resulting  from  a  fusion  of  the  upper 
ends  of  the  tibiae.  In  the  foot,  too,  though  with  less  regularity, 
the  bones  seem  to  diminish  or  disappear  from  the  fibular  to  the 
tibial  side.  Thus,  when  only  one  or  two  digits  are  present,  they 
are  generally  either  one  or  both  of  the  halluces.  In  the  thigh, 
too,  the  femora  meet  by  their  outer  surfaces,  and  may  either 
unite  throughout  the  whole  extent  of  these  surfaces,  as  in  my 
second  specimen,  or  may  remain  separate  above  or  below. 

The  Muscular  System, 

The  Gluteus  maximus  was  normal  in  the  first  specimen.  It 
appears  to  be  present  in  most  of  the  specimens  examined,  which 
belonged  to  the  classes  Symeles  or  Uromeles.  In  the  secoud 
specimen,  which  belonged  to  the  class  Sirenomeles,  it  was 
absent.  It  was  also  absent  in  somewhat  similar  specimens  of 
Vrolik  and  Calomiatti,  and  in  Gebhard's  secoud  specimen.  In 
Cruveilhier's  specimen  it  was  very  slightly  developed.  The 
right  and  left  muscles  were  fused  in  the  region  behind  the  anus. 
This  fusion  also  occurred  in  the  specimen  described  by  Solger. 

The  Gluteus  medius  was  normal  in  all  respects  in  the  first 
specimen.  It  was  present  in  those  specimens  of  the  other 
observers,  which  belonged  to  the  class  Symeles  or  Uromeles.  It 
had  a  partial  intra-pelvic  origin  in  the  specimen  described  by 
Benington.  In  the  second  specimen  the  muscle  was  absent,  as 
it  was  also  in  the  specimens  of  the  class  Sirenomeles,  examined 
by  the  other  observers. 

The  Gluteus  minimus  had  a  partial  intra-pelvic  origin  in. 
the  first  specimen;  it  was  absent  in  the  second  specimen.  It; 
appears  to  be  present  as  a  rule  in  the  classes  Symeles  and 
Uromeles,  whilst  it  is  absent  in  the  class  Sirenomeles.  A  lai^e 
mass  of  fat  occupying  the  position  of  the  gluteal  muscles 
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present  iu  the  second  specimen.  In  this  mass  were  found 
scattered  muscular  bundles,  a  circumstance  which  would  raise 
the  presumption  that  the  fatty  deposit  represented  the  de- 
generated gluteal  muscles. 

The  Pyriformis  was  present  in  the  first  specimen,  and  was 
absent  in  the  second.  It  was  absent  in  all  the  other  specimens 
collected,  excepting  that  of  Cruveilhier,  in  which  it  was  vestigial. 
Obturator  internus  was  present  in  the  first  specimen.  It  was 
absent  in  the  second,  and  in  those  of  all  the  other  observers, 
excepting  in  that  of  Odisio. 

Superior  Gemellus  was  absent  in  all  the  cases  examined  and 
collected,  excepting  in  that  of  Cruveilhier,  in  which  it  was 
vestigial 

Inferior  Gemelli  were  fused  in  the  first  specimen,  and  formed 
a  narrow  strip  p6U3sing  from  side  to  side.  They  were  absent  in 
the  second  specimen,  and  in  most  of  those  of  the  collected  cases. 
Quadratus  femoris  muscles  were  also  fused  into  a  transverse 
strip.  They  were  present  in  Gebhard*s  specimens,  but  absent 
or  vestigial  in  all  the  other  cases  examined  and  collected. 
Obturator  externus  was  normal  in  most  of  the  specimens 
examined  and  collected. 

The  long  head  of  biceps,  the  semi-membranosus,  and  the  semi- 
tendinosus,  were  aU  absent  in  both  my  specimena  Amongst 
the  cases  of  other  observers,  in  only  two  instances  was 
the  biceps  complete,  namely,  in  those  of  Cruveilhier  and 
Solger.  The  short  head  only  was  present  in  my  first  specimen, 
and  also  in  the  specimen  described  by  Benington.  Semi- 
membranosus was  present  iu  Cruveilhier  s  specimen,  and  also  in 
that  of  Calori. 

The  Semi-tendinosus  was  absent  in  all  cases,  excepting  in  that 
of  Calori.  Vrolik  states  that  two  only  of  the  hamstring  muscles 
were  present :  which  two  he  does  not  specify. 

Thus  it  will  be  seen  from  the  above  that,  in  all  the  cases 
examined  and  collected,  the  hamstring  muscles  were  more  or 
less  deficient 

The  adductor  magnus  muscles  in  the  first  specimen  arose  by 
a  narrow  tendon  on  either  side  of  the  triangular  piece  of  bone 
representing  the  fused  ischia.  The  lowest  fibres  of  the  muscles 
inserted  into  the  tibise.    The  muscles  of  opposite  sides  are 
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connected  intimately  at  their  origin,  and  by  a  thin  membrane, 
in  the  middle  portion  of  the  thigh.     In  the  second  specimen 
the  adductor  magnus  is  fused  in  the  middle  line  with  the  muscle 
of  the  opposite  side.    These  muscles  ai'e  found  in  all  the  cases 
of  the  other  observers,  and  in  the  cases  of  Solger  and  Benington 
they  were  arranged  very  similarly  to  those  of  the  first  specimen 
examined  by  me.     They  are,  as  a  rule,  more  or  less  united.     Of 
the  eleven  specimens  examined  and  collected,  only  in  that  of 
Calori  did  the  adductor  longus,  adductor  brevis,  and  pectineus 
fail.     Gracilis  was  absent,  also,  only  in  the  specimen  of  the 
latter  observer.    Psoas  and  iliacus  were  normal  in  both  my 
specimens,  and  were  present  in  most  of  the  specimens  collected. 
Sartorius  was  normal  in  the  first  specimen,  but,  in  consequence 
of  the  peculiar  position  of  the  tibia,  the  insertion  oi  the  muscle 
did  not  cover,  but  was  covered  by  the  gracilis.     In  the  second 
specimen,  sartorius  had  the  normal  origin ;  but,  in  consequence 
of  the  peculiar  rotation  of  the  ihum  downwards  and  backwards, 
its  origin  is  situated  more  posteriorly  than  usual.    The  muscle 
keeps  to  the  outermost  portion  of  the  limb,  as  far  as  the  knee- 
joint,  where  it  curves  slightly  inwards,  and  is  inserted  into  the 
rudimentary  tibia,  its  insertion  being  covered  by  that  of  the 
gracilis  muscle,  as  in  the  first  specimen.     It  was  present  and 
normal  in  all   the  cases  collected.    The  rectus  femoris  was 
normal  in  both  my  specimens.    The  vtwtus  externus  was  normal 
in  its  origin  and  insertion,  but,  in  consequence  of  the  peculiar 
position  of  the  Umb,  was  situated  on  the  posterior  surface.     The 
vastus  externus  muscles  of  the  second  specimen  were  fused  and 
situated  in  the  middle  line  of  the  thigh.    The  vastus  intemus 
and  crureus  were  normal  in  both  my  specimens.     The  above 
muscles  were  present  and  normal  in  most  of  the  specimens 
collected. 

Of  the  specimens  examined  and  collected,  in  four  only  was  the 
leg  and  foot  present,  namely,  in  my  first  specimen,  and  in  those 
of  Solger,  Benington,  and  Cruveilhier. 

Peroneus  longus  muscle  arose  by  two  heads,  the  heads 
embracing  the  insertion  of  the  short  head  of  the  biceps.  The 
heads  of  the  muscle  are  continuous  with  the  insertion  of  the 
biceps.  The  heads  blend  just  below  the  upper  extremity  of  the 
bone  resulting  from  the  fusion  of  the  fibulse,  and  the  muscular 
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bellies  arise  from  the  upper  third  of  either  side  of  that  bone. 
The  muscles  of  opposite  sides  were  fused  at  their  origin  and 
again  on  the  dorsum  of  the  foot.  The  muscles  passed  down  in 
the  middle  line  on  either  side  of  the  fused  fibulae.  On  the 
dorsum  of  the  foot,  the  tendon  of  each  muscle  divides  into  two 
parts ;  the  median  portion  unites  with  a  similar  tendon  from 
the  muscle  of  the  opposite  side,  and  forms  an  expansion  over 
the  dorsal  surface  of  the  fused  fifth  metatarsal  bones.  The 
lateral  portion  of  the  tendon  of  each  muscle  passes  deeply,  and 
is  inserted  partly  into  the  base  of  the  fused  fourth  metatarsal 
bones  on  its  own  side,  and,  in  addition,  sends  a  slip  to  the  base 
of  the  third.  In  the  sole,  the  tendons  of  the  muscles  of  opposite 
sides  are  fused  into  a  transverse  tendinous  band,  which  passes 
from  the  base  of  the  first  metatarsal  bone  of  one  side  to  that  of 
the  other.  From  this  band,  adductor  hallucis  of  each  side  arises. 
No  connection  could  be  traced  between  the  dorsal  and  plantar 
tendons  of  the  peroneus  longus.  Between  the  two  heads  of 
origin  of  the  peroneus  longus  passes  the  peroneal  nerve.  The 
muscles  were  present  in  all  the  four  cases  mentioned  above. 
They  had  a  similar  origin  to  the  above  in  Solger's  specimen,  but 
were  inserted  into  the  os  calcis. 

Peroneus  brevis  arises  from  each  side  of  the  bone  represent- 
ing the  fused  fibulae.  It  possesses  a  thin  tendon,  which  passes 
down  and  is  inserted  on  either  side  of  the  bone  representing 
the  fused  fifth  digits.  It  was  present  in  the  specimens  of  the 
other  three  observers.  Peroneus  tertius  is  absent  It  is  men- 
tioned by  Solger,  but  by  neither  Benington  nor  Cruveilhier. 

Extensor  communis  digitorum  sends  a  slip  to  the  hallux. 
There  is,  however,  no  slip  from  the  brevis  to  this  bone.  Another 
tendon  of  the  muscle  divides  for  the  second  and  third  digits. 
The  innermost  tendon,  which  is  large,  passes  to  the  bone  result- 
ing from  the  fusion  of  the  fourth  digits. 

Tibialis  anticus  is  divided  into  two  heads  above.  The 
median  arises  from  the  head  of  the  tibia.  The  lateral  is  con- 
tinuous with  the  insertion  of  the  rectus  into  the  tubercle  of  the 
bone.  The  muscle  has  the  usual  origin  from  the  shaft  of  the 
labia.  At  the  foot,  the  muscles  of  opposite  sides  were  fused 
into  an  aponeurosis,  from  which,  slips  passed  to  the  usual  bones. 

Extensor  longus  hallucis  arises  from  either  side  of  the  fused 
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fibulae.  The  muscle  is  joined  by  the  outermost  tendou  from  the 
extensor  communis  digitorum,  and  the  combined  tendon  is 
inserted,  partly  into  the  first,  and  partly  into  the  second  phalanx 
of  the  hallux.  The  slip  from  the  extensor  communis  probably 
represents  the  extensor  brevis  hallucis.  The  extensor  communis 
digitorum,  tibialis  anticus,  and  extensor  longus  hallucis  were 
present  and  distinct  in  the  specimens  of  Solger,  Benington,  and 
in  my  own,  whilst,  in  Cruveilhier's  specimen,  the  three  muscles 
were  fused  into  a  fleshy  mass,  from  which  tendons  were  given 
off  proper  to  each  toe. 

Extensor  brevis  digitoram  has  three  slender  tendons.  The 
innermost  passes  to  its  own  side  of  the  fourth  fused  digits ;  the 
remaining  two  tendons  pass  to  the  second  and  third  digits.  The 
muscle  was  present  in  all  the  four  cases  mentioned  above, 
though  one  or  more  of  its  tendons  may  be  suppressed. 

Gastrocnemius  and  ^oleus  were  absent.  Rudiments  only  of 
gastrocnemius  were  present  in  the  specimens  of  Solger  and 
Benington,  Soleus  was  present  in  Solger's  specimen,  but  absent 
in  that  of  Benington.  In  Cruveilhier's  specimen  rudiments 
only  of  these  muscles  were  present.  They  were  not  inserted  into 
the  bone,  but  ended  in  the  subcutaneous  fat 

Popliteus  has  the  usual  origin.     Its  tendon,  however,  passes 
towards  the  median  line,  crossing  the  transverse  portion  of   a 
T-shaped  band.     This  band  passes  across  from  femoral  condyle  to 
condyle.    The  vertical  portion  of  the  T  passes  to  the  head  of 
the  fused  fibulae.     The  tendons  of  the  two  poplitei  muscles, 
approaching  each  other  above  the  transverse  band,  are  connected 
here  by  a  short  fascial  slip.     Each  muscle  now  passes  outwards, 
and  is  deeply  situated  owing  to  its  insertion  into  the  external 
condyle,  the  position  of  which  in  this  case  is. rather  postero- 
internal, in  consequence  of  the  failure  of  the  lower  end  of  the 
femur  to  rotate. 

Flexor  longus  digitorum  and  Flexor  longus  hallucis  are  fused. 
The  fused  muscles  arise  chiefly  from  each  tibia,  and,  more 
internally,  from  the  posterior  surface  of  the  fused  fibulae.  The 
muscles  of  opposite  sides  blend  in  their  upper  fourth  in  a 
tendinous  raph^  in  the  middle  line.  The  tendons  of  each  aide 
pass  downwards  as  far  as  the  ankle  joint,  where  they  expand  and 
fuse.    The  tendinous  expansion  resulting  from  the  fusion  divides 
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into  six  tendons,  three  for  each  side.  The  first,  which  is  slightly 
larger  than  the  others,  passes  to  the  hallux.  It  represents  the 
flexor  longus  hallucis,  and  its  tendon  may  be  traced  into  con- 
tinuity with  the  fibular  portion  of  the  fused  muscle.  The  other 
two  tendons  pass  on  each  side  to  the  second  and  third  digits, 
and,  after  perforating  a  slender  flexor  brevis,  pass  to  be  inserted 
into  the  terminal  phalanges  of  those  digita  The  bones  resulting 
from  the  fusion  of  the  two  fourth  and  the  two  fifth  digits  have 
no  flexor  tendons  passing  to  them.  In  the  specimen  of  Solger 
the  flexor  longus  digitorum  was  also  ftised  with  the  muscle  of  the 
opposite  side.  The  flexor  longus  hallucis  was  present  and 
normal  on  the  right  side.  The  muscle  was  absent,  however,  on 
the  left.  In  Benington's  specimen  both  muscles  were  present 
and  normal  In  the  specimen  of  Cruveilhier  the  flexor  longus 
digitorum  was  present,  but  no  separate  flexor  hallucis. 

Tibialis  posticus  arose  from  the  tibia  and  fibula,  the  fibular 
portion  blending  with  the  muscle  of  the  opposite  side  in  a  tendinous 
rapb^.  The  tendons  of  the  muscles  passed  down  to  the  ankle, 
where  they  blend  with  each  other.  From  the  expansion  result- 
ing from  the  fusion,  one  head  of  flexor  brevis  digitorum  arises. 
The  muscle  was  present  in  the  three  cases  of  the  other  observers. 

Flexor  brevis  digitorum  arises  by  two  heads ;  the  outer  from 
the  tendon  of  the  tibialis  posticus,  in  company  with  the  abductor 
hallucis:  the  inner  head  from  the  aponeurosis,  which  results 
from  the  fusion  of  the  tibiales  posticL  The  muscle  divides  into 
two  tendons,  which  become  the  perforatus  for  the  second  and 
third  digits.  No  tendons  pass  from  this  muscle  to  the  fourth 
or  fifth  digit&  The  muscle  was  present  in  Solger's  specimen, 
and  arose  from  the  plantar  aponeurosis.  In  Cruveilhier's 
specimen  the  muscles  of  the  foot  were  represented  by  only  a  few 
fleshy  bundles,  which  he  states  it  was  impossible  to  unravel. 

Abductor  hallucis  was  present  and  arose  from  the  tendon  of 
the  tibialis  posticus. 

Flexor  brevis  hallucis  arose  from  the  tendon  of  the  tibialis 
}>06ticus,  as  well  as  from  the  usual  tarsal  bones.  Adductor 
hallucis  obliquus  arose  from  the  fused  transverse  tendons, 
which  represented  the  plantar  part  of  the  peroneus  longus 
muscles. 

There  is  a  slender  adductor  transversus  present. 
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Nerve  Plexuses. 


Lwmhar  Plexus. — In  specimen  I.  the  usual  branches  are  present, 
though  there  is  a  difference  in  the  origin  of  some  of  them  upon 
the  two  sides.  Thus,  on  the  right  side,  the  anterior  crural  has 
the  normal  origin.  On  the  left  side  it  arises  from  the  third, 
fourth,  and  fifth  nerves.  Most  of  the  fifth  nerve  joins  the  anterior 
crural,  a  small  portion  only  passing  to  join  the  lumbo-sacral  cord. 
In  Gebhard's  specimens  the  anterior  crural  was  normal  in  its 
origin  but  was  smaller  than  usual  in  his  first  specimen.  In 
specimen  II.,  on  the  right  side  the  anterior  crural  afises  in  the 
normal  manner.  On  the  left  side,  this  nerve  takes  origin  from 
the  second,  third,  fourth,  and  fifth  lumbar  nerves.  Thus,  in 
both  my  specimens,  the  anterior  crural  was  normal  on  the  right 
side,  and  received  a  branch  from  the  fifth  nerve  in  both  cases  on 
the  left  side.  It  is,  perhaps,  as  well  here  again  to  draw  attention 
to  the  fact  that,  in  one  of  the  specimens,  there  were  thirteen 
ribs  on  the  left  side,  and  in  the  same  specimen  six  lumbar 
vertebrae.  In  one  of  the  above  specimens  too,  the  last  lumbar 
vertebra  articulated  with  the  ilium.  Though  perhaps  some- 
what foreign  to  the  subject,  the  above  observations  are  interest- 
ing in  connection  with  the  views  of  Sosenberg,  who  explains  the 
presence  of  additional  vertebrae  as  a  reversion  to  what  he 
regards  as  an  ancestral  condition.  TBe  suppression  of  a 
movable  vertebra,  t.e.,  the  conversion  of  a  lumbar  into  a  sacral, 
is  an  arrangement  which  he  looks  upon  as  the  coming  form  of 
vertebral  colmnu.  As  Faterson  has  stated,  the  nerve  relations 
would  help  to  confirm  the  above  view.  In  one  of  my  cases, 
presenting  an  additional  lumbar  vertebra,  the  nervus  bigeminus 
was  the  second  sacral  nerve  instead  of  the  third. 

The  obturator  nerve  was  normal  on  both  sides  in  the  first; 
specimen.  It  was  normal  also  in  Gebhard's  specimen&  In  the 
second  specimen  the  obturator  nerve  was  normal  on  the  left; 
side.  On  the  right  it  arose  from  the  second,  fourth,  and  fif tli 
lumbar  nerves,  and  also  received  a  branch  from  the  first  sacraL 

Sacral  Pleosus. — In  the  first  specimen  there  is  a  single  gre&t; 
sciatic  nerve,  which  is  formed  by  the  union  of  the  lumbo-sacral 
elements  and  the  first  two  sacral  nerves  of  each  side.  TKey 
unite  just  outside  the  pelvis,  and  the  single  nerve  passes  to  the 
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lower  third  of  the  thigh,  where  it  divides  into  three  branches, 
ie.,  the  two  peroneal  nerves,  and  a  nerve  representing  the 
combined  posterior  tibials.  These  nerves  give  off  the  usual 
muscular  branches.  There  is  a  difference  in  the  arrangement 
of  the  lumbo-sacral  elements  on  the  two  sides.  On  the  right 
side  the  nerves  representing  the  lumbo-sacral  cord  are  a  slender 
branch  from  the  fourth  and  the  whole  of  the  fifth  lumbar. 
These  nerves  do  not,  however,  unite  to  form  the  usual  cord,  but, 
after  communicating  with  each  other,  join  the  great  sciatic 
separately  outside  the  pelvis.  On  the  left  side,  most  of  the  fifth 
nerve  joins  the  anterior  cruraL  A  small  portion  only  passes 
into  the  pelvis  to  join  the  lumbo-sacral  cord.  No  fibres  pass 
from  the  fourth  nerve  to  the  cord,  and,  in  consequence,  this 
cord,  and,  in  fact,  the  whole  sacral  plexus  on  this  side  is  much 
smaller  than  on  the  right. 

The  sacral  plexus  is  much  larger  on  the  right  side  than  on  the 
left,  in  consequence  of  the  above-mentioned  arrangement  of  the 
lumbo-sacral  portion.  The  only  other  nerves  entering  into  the 
plexus  were  the  first  and  second  nerves.  There  is  no  trace  of 
any  other  sacral  nerves  present ;  consequently  the  lower  portions 
of  the  sacral  plexus  and  the  pudendo  anal  plexus  are  absent. 

The  gluteal  nerves,  and  the  branches  to  those  muscles  which 
existed  were  present 

Solger  describes,  in  the  place  of  the  great  sciatic  nerve,  two 
unequal  sized  strings,  which  can  be  seen  to  come  from  a  single 
stem  in  the  pelvis.  That,  again,  consists  of  two  bundles ;  the 
right  string  divides  into  anterior  tibial  and  right  peroneal,  the 
left  into  posterior  tibial  and  left  peroneal.  In  Cruveilhier's 
specimen  the  two  internal  popliteal  nerves  were  fused  into  a 
single  trunk,  which  commenced  at  the  lower  part  of  the  pelvis. 
The  two  peroneal  nerves  were  quite  distinct. 

In  my  second  specimen  the  nerves  of  the  sacral  plexus  were 
rudimentary,  and  resembled  flattened  fibrous  bands.  They  ended 
in  the  fascia  of  the  pelvis ;  the  right  sprang  from  the  second  sacral 
and  was  small.  The  left  was  derived  from  the  fifth  lumbar  and 
the  first  and  second  sacral.  It  appeared  as  though  the  nerves  had 
been  compressed  by  the  fusion  of  the  iliac  bones.  In  Gebhard*8 
first  specimen,  great  sciatic  nerves  were  absent  on  both  sides :  in 
his  second  specimen  there  were  no  sciatic  nerves,  but  several 
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gluteal  nerves  were  present.  In  Calori*s  specimen  th^  sacral 
plexuses  were  wanting.  In  Calomiatti's  specimen  the  sciatic 
nerves  were  very  small  Most  probably  this  diminution  in  size,  or 
this  absence  of  the  sacral  plexus  described  in  the  above  specimens, 
is  a  secondary  change  due  to  compression  by  the  iliac  bones. 

Bwmma/ry  of  the  chief  vnieredmg  Aruxtomiccd  Peculiarities  of  the 

Specimens  examined  avid  collected. 

1.  The  frequent  abnormality  in  the  number  of  the  vertebrse. 

2.  Articulation  of  last  lumbar  vertebra  with  ilium. 

3.  The  scoliosis  frequently  found  in  the  lumbar  or  dorsal 

regions. 

4.  The  unsymmetrical  condition  of  the  ribs. 

5.  The  ilia  appear  to  be  as  a  rule,  separate  in  Symeles,  but 

fused  in  Sirenomeles. 

6.  The  rudimentary  condition  of  the  ischia  and  pubes. 

7.  Patellae  separate,  as  a  rule,  in  Symeles :  fused  in  Sireno- 

meles. 

8.  Fusion  of  the  femora  by  their  outer,  not  by  their  inner 

surfaces. 

9.  The  diminution  of  the  leg  and  foot  elements  from  the 

fibular  to  the  tibial  side. 

10.  The  absence  of  the  gluteal  muscles  in  the  specimens  be- 

longing to  the  class  Sirenomeles. 

11.  The  partial  intra-pelvic   origin  of  one  or  other  of  the 

gluteal  muscles. 

12.  The  frequent  absence  or  diminution  of  the  small  exterual 

rotator  muscles. 

13.  The  almost  constant  absence  of  one  or  other  of  the  ham- 

string muscles. 

14.  The  absence  or  rudimentary  condition  of  the  calf  muscles. 

15.  The  fusion  of  the  flexor  longus  digitorum  with  the  flexor 

longus  hallucis. 

16.  The  fact  that  the  nervus  furcalis  is  in  some  cases  the  fifth 

lumbar  nerve  instead  of  the  fourth  on  one  or  both  sides, 
together  with  the  fact  that  in  one  of  the  same  cases 
there  were  thirteen  ribs  on  the  left  side  and  six  lumbar 
vertebrae. 
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17.  The  unBymmetrical  condition  of  the  sacral  plexuses. 

18.  The  fasion  of  the  elements  of  the  great  sciatic  nerves. 

19.  The  rudimentary  condition  of  the  sacral  plexus  in  the 

specimens  belonging  to  the  class  Sirenomeles. 

20.  The  fusion,  in  almost  all  cases,  of  like  parts. 

Theory  as  to  Causation. 

Saint-Hilaire  explained  the  formation  of  these  monsters  by 
what  he  termed  the  law  of  afl&nity  of  like  for  like  (Zoi  de  Vaffinite 
de  soi  pour  soi) ;  that  is  to  say,  that  the  union  was  what  he 
described  as  ''  a  natural "  process,  and  quite  as  natural  a  process 
as  the  union  of  other  parts,  which  at  first  paired  and  were  lateral, 
afterwards  became  united.  That  the  reason  why  the  extremities 
do  not  as  a  rule  unite,  was  because  they  never  have  the  oppor- 
tunity of  coming  into  contact.  In  favour  of  this  view,  he  quotes 
the  iact  that  the  upper  extremities  are  never  found  united,  in 
consequence  of  the  thoracic  cavity  intervening;  that,  normally 
the  lower  extremities  are  separated  in  a  somewhat  similar 
manner,  though  not  to  the  same  extent,  by  the  pelvic  elements ; 
but  that  these,  failing  in  some  cases,  the  lower  extremities  are 
able  to  come  in  contact,  and,  as  a  result  of  this,  fusion  takes  place. 
He  states  that  we  should  rather  wonder  that  union  does  not 
more  frequently  occur,  than  that  it  occurs  only  occasionally. 
Cruveilhier,  though  expressing  his  admiration  for  the  above 
view,  points  out  that  the  foetal  lower  extremities  are  frequently 
in  contact  without  union  occurring.  The  same  observer  criticises 
adversely  the  view  of  Meckel,  namely,  that  this  class  of  mon- 
strosity was  due  to  an  original  malformation  of  the  germ. 
Cruveilhier  himself  adopts  the  view  that  both  the  fusion  and  the 
rotation  are  due  to  pressure,  both  lateral  and  antero-posterior. 
Tiedermann  and  Serres  considered  the  condition  due  to  deficient 
arterial  supply,  the  latter  attributing  it  as  due  especially  to 
absence  of  one  of  the  umbilical  arteries.  Vrolik,  after  con- 
demning the  idea  that  this  condition  is  due  to  absence  of  one  of 
the  umbilical  arteries,  and  pointing  out  that  one  artery  only  is 
sometimes  observed,  both  in  the  completely  well-formed  foetus,  as 
vrell  as  in  double  monsters,  states  that  sympodia  is  due  to  some 
original  malformation  of  the  pelvis  and  its  viscera,  of  which  the 
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cause  remains  unknown.  He  does  not  even  admit  that  the 
condition  is  due  to  a  fusion  of  the  extremities,  and  states  that 
the  regularity  of  transition  of  one  form  into  another,  i.e.,  from 
simple  abnormality  of  position,  to  fusion  with  more  or  less  ab- 
sence of  structure,  makes  it  impossible  to  ascribe  the  condition 
to  accidental  external  causes.  Solger  explains  the  single  um- 
bilical artery  as  a  continuation  posteriorly  of  that  process  of 
fusion  which  forms  the  single  dorsal  aorta.  He  also  explains 
the  fusion  of  the  limbs,  by  an  approximation  of  the  side  plates 
from  which  the  limbs  are  developed,  and,  as  a  residt  of  that 
approximation,  fusion  takes  place.  In  this  way  he  explains  the 
blind  condition  of  the  rectum  found  generally  in  these  monsters. 
Gebhard  believes  that  the  fusion  is  due  to  compression  by 
the  amnion. 

Camille-Darest  believes  that,  in  consequence  of  the  non- 
development  of  the  caudal  end  of  the  embryo,  the  limb  buds, 
instead  of  descending  upon  the  two  sides  of  the  body,  are 
reversed,  and  placed  beneath  the  extremity  of  the  embryo; 
coming  into  contact  by  their  external  border,  they  unite  and 
form  a  single  member. 

In  the  absence  of  any  direct  knowledge  as  to  the  process  of 
fusion,  it  seems  to  me  that  the  theory  of  Saint-Hilaire,  inter- 
preted in  the  light  of  modem  biological  research,  is  the  one 
which  is  the  most  satisfactory,  viz.,  that  there  is  an  inherent 
tendency  for  the  side  plates  or  limb  buds  to  unite,  an  affinity 
of  like  part  for  like  part,  understanding  by  affinity  nothing 
more   than    a   greater  tendency   for    similar  than   diiwiTnil%r 
parts  to  fuse.     That  this  tendency  is  latent,  and  is  compar- 
able to,  and  is  possibly  the  descendant  of,  that  fusion,  which 
(adopting  the  most  recent  view  as  to  the  origin  of   paired 
and   unpaired   limbs)   takes   place    in  the    posterior    portloxi 
of  the  fin  elements  of  certain  fishes.    Thus,  it  has  been  sho^vn 
by  Dohm  and  Balfour  that  each  somite  gives  rise  to  a  fin 
element,  each  of  which  consists  of  two  dorsal  and  two  ventral 
bundles  of  muscle,  two  rods  of  cartilage  and  a  corresponding 
spinal  nerve.    Both  pectoral  and  pelvic  fins  are  made  up  of  a 
considerable  number  of  these  fin  elements.    These  outgrowths 
are  present  along  the  entire  length  of   the  lateral  epiblciAtic 
folds,  and,  while  these  abort  between  the  pectoral  and  pelvic 
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they  converge  and  form  the  ventral  unpaired  fin  in  the  region 
behind  the  anus,  so  that  the  ventral  unpaired  fin  may  have  been 
originally  paired,  when  the  post-anal  gut  of  the  embryo  and  the 
coelome  extended  throughout  the  whole  caudal  region.  Without 
entering  into  the  vexed  question  of  the  relationship  of  the  fin  of 
the  fish  to  the  limb  of  the  higher  vertebrates,  and  the  homologies 
of  these  parts,  I  mention  the  above  simply  in  support  of  the 
tendency  to  fusion-theory  of  Saint-Hilaire,  that  is,  of  parts 
which,  at  first,  paired  and  lateral,  afterwards  become  median  and 
united,  and  in  support  of  the  extension  of  that  theory  to  limb 
elements.  Whether  this  tendency  in  the  case  of  Symeliaus  is 
called  into  activity  by  pressure  or  by  failure  of  the  limbs  to  rotate 
properly,  or  whether  it  has  itq  origin  in  the  tilting  of  one  limb 
towards  the  other,  in  consequence  of  an  unsymmetrically 
developed  or  articulated  pelvis,  there  is  no  evidence,  but  from 
the  unsymmetrical  condition  of  the  sides  uf  the  whole  body,  that 
is,  of  ribs,  vertebrae,  and  pelvis,  in  many  of  the  cases  in  which  a 
careful  description  has  been  given,  I  should  be  inclined  to  favour 
the  view  that  the  last-named  condition  is  the  exciting  cause. 
From  the  fact  that  only  similar  elements  are  united,  and  that 
all  transitions  are  met  with  from  instances  where  there  is  simple 
union  of  the  feet,  without  absence  of  any  of  the  limb  elements, 
to  those  in  which  the  leg  is  represented  only  by  a  stump-like 
extremity,  together  with  the  fact  that  the  different  species  fall 
into  definite  classes,  agreeing  so  exeustly  in  their  structure,  it 
would  seem  that  the  pressure-theory  alone  is  insufficient  to 
account  for  the  condition,  unless  there  is  some  such  affinity  for 
like  parts  as  Saint-Hilaire  described.  But,  in  whatever  way  the 
exciting  cause  has  been  set  up,  the  fusion  itself  is  possibly  the 
result  of  a  latent  tendency,  that  tendency  having  been  trans- 
mitted to  the  limb-bud  from  its  homologous  representative  in 
certain  piscine  vertebrates. 
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EXPLACTATION  OF  PLATE  V. 
Figs.  1,  2,  and  3  represent  the  first  specimen — Symeles. 

Fig.  1.  Shows  the  bones  of  the  first  specimen;  the  posterior 
surface  of  the  ilia  is  shown,  and  the  fused  condition  of  the  ischia. 
The  leg  and  foot  are  rotated  in  a  direction  opposite  to  the  normal, 
so  that  the  anterior  surface  of  these  is  directed  posteriorly.  The  bone 
situated  between  the  two  tibiae  represents  the  fused  fibulae.  The 
bones  situated  in  the  median  line  of  the  foot  represent  fused  cal- 
canea,  cuboids,  and  fourth  and  fifth  metatarsal. 

Fig.  2.  Is  the  same  view  as  Fig.  1,  but  shows  the  arrangement  of 
the  muscles. 

Fig.  3.  Shows  the  muscles  of  the  anterior  surface  of  thighs  and 
pelvis  and  the  muscles  of  the  posterior  surface  of  the  leg  and  foot, 
the  legs  being  rotated  in  such  a  way  that  these  latter  muscles  look 
to  the  front :  it  also  shows  the  lumbar  and  sacral  plexuses. 

Fig.  4.  Sirenomeles.  This  represents  the  bones  of  the  second 
specimen ;  it  shows  the  ilia  fused  into  an  iliac  shield,  and  the  union  of 
the  femora  and  the  rudimentary  tibae  of  opposite  sides.  The  bones 
are  seen  from  their  posterior  surface. 

Fig.  5.  This  represents  the  muscles  and  nerves.  Same  specimen 
as  Fig.  4,  seen  from  the  anterior  surface. 


MOEPHOLOGY  OF  THE  TRUE  "  LIMBIC  LOBE,"  COE- 
PUS  CALLOSUM,  SEPTUM  PELLUCIDUM  AND 
FORNIX.  By  G.  Elliot  Smith,  M.D.,  Ch.M.,  Demorir 
strator  of  Anaiomy,  University  of  Sydney ^  N.S,  W, 

{Condvded  from  p,  167.) 

The  ^^  precommissurcd  area  "  of  the  median  cortex. 

In  the  foetal  Platypus,  as  in  the  adult  Sauropsidan  and  Amphi- 
bian, a  broad  sheet  of  grey  matter  ("  the  precommissural  area  ") 
extends  backwards  from  the  mesial  wall  of  the  bulbus  olfactorii, 
and,  crossing  the  mesial  plane  in  front  of  the  foramen  of  Monro 
to  become  continuous  with  the  corresponding  region  of  the 
opposite  side,  forms  the  lamina  terminalis  (''lamina  infra- 
neuroporica  "  of  Burckhardt). 

As  there  is  no  satisfactory  term  by  which  to  distinguish  this 
region,  I  have  called  it  **  precommissural  area,"  a  term  which  is 
purely  descriptive  and  does  not  imply  any  homology.    The  area 
in  question  corresponds  to  what  Herrick,  in  reptiles  and  Didelphys, 
has  called  "  intraventricular  lobe  " — a  term  to  which  there  are 
obvious  objections.     Dorsally  the  region  is  continuous  with  the 
fascia  dentata,  and  ventrally  with  the  tuberculum  olfactorium. 
Posteriorly  it  is  directly  continuous  with  that  part  of  the 
lamina  terminalis  which  lies  between  the  anterior  and  fornix 
commis8ure&     It  forms  part  of  the  "  posterior  oKactory  lobule  " 
of  His.    In  the  ontogeny  of  the  mammalian  brain  it  develops 
early  and  forms  a  relatively  huge  mass,  which  bulges  into  the 
lateral  ventricle,  and  vividly  recalls  the  appearance  of  the 
liomologous  area  in  the  Amphibian  brain  (the  ''callosal  emi- 
nence "  of  Gkige  and  Fish).    In  reptiles  the  homologue  of  this 
region  has  been  called  "  Fornix  Leiste  "  by  Edinger.     It  corre- 
sponds, in  part,  to  the  "  septum  pellucidum  "  of  AdoK  Meyer,  in 
certain  reptiles.    In  the  development  of  the  cerebrum  of  the 
IVoto-  and  Meta-theria,  the  "  precommissural  area  "  is  gradually 
encroached  upon  by  the  curving  downwards   of  the  anterior 
e2:trexnity  of  the  hippocampus  and  pallium,  so  that  its  anterior 
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connection  with  the  olfactory  bulb  is  reduced  to  a  narrow  tract 
near  the  base  of  the  brain,  which  is  often  distinguished  by  the 
inappropriate  name  of  "mesial"  or  ''internal  olfactory  root." 
In  Eutheria  the  pallium  encroaches  upon  this  region  in  the 
same  way,  and  its  anterior  limit  is  indicated  by  the  "  vordere 
Bogenfurche  "  of  His.  The  *^  precommissural  area  "  in  the  foetal 
cat  has  been  called  the  ""  area  trapezoides  "  by  Paul  Martin. 

The  precommissural  area  is  phylogenetically  extremely 
ancient,  and  probably  reaches  its  maximum  relative  develop- 
ment in  the  Amphibia.  It  is  intimately  connected  with  the 
olfactory  apparatus,  and  is  characterised  in  all  animals  by  its 
simple  amorphous  structure,  and  by  the  fact  that  it  transmits 
fornix  fibres — the  precommissural  fibres  of  Huxley.  In  placental 
mammals  the  enormous  development  of  the  surrounding  parts 
throws  this  region  into  insignificance ;  and  in  the  higher  animals 
it  undergoes  an  actual  reduction  by  sharing  in  the  general 
atrophic  process  which  affects  the  whole  olfactory  apparatus^ 
It  corresponds  to  the  ''gyrus  subcallosus"  of  Zuckerkandl,  a 
structure  which  is  known  in  human  anatomy  by  t^e  extremely 
inappropriate  name,  "  peduncle  of  the  corpus  callosum." 

The  Tubercvlum  olfcuicmum. 

On  the  basal  aspect  of  the  cerebrum  of  Platypus,  on  either 
side  of  the  middle  line,  there  is  a  small  elliptical  prominence 
situated  immediately  behind  the  olfactory  bulb,  and  on  the 
mesial  side  of  the  anterior  extremity  of  the  pyriform  loba 
Hill  would  not  venture  to  name  it,  but  concluded  by  excluding 
it  from  the  rhinencephalon.    The  homologous  region  in  other 
animals  has  been  distinguished  by  quite  a  variety  of  names,  of 
which  I  select  that  used  by  von  Koelliker  as  the  most  appro- 
priate.   It  corresponds  to  the  "espace  quadrilat^re "  "roctne 
moyenne  ou  gruse  (du  lobe  olfaotif)"  of  Brooa.    Although  the 
lenticulo-striate  arteries  do  not  perforate  this  region  in  lower 
mammals,  still  it  is  homologous  with  that  atrophic  area  whicli 
in  the  human  brain  constitutes  the  ^  locus  perf(^aius  amtium;^'* 
of  Vicq-d'Azyr.    Edinger  calls  it  the  " Biechfdd''  and  Herridk; 
calls  the  homologous  area  in  Diddphys  and  reptiles  "  the  po&t-^ 
rhirud  lobe"  ^  In  Dasypus  sexdnctvs  Turner  has  called  it  " or&itei2 
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lobe."  It  consistB  of  a  small  patch  of  grey  matter,  which  varies 
in  size  and  prominence  with  the  olfactory  bulb.  Thus  it  is 
relatively  small  in  Platypus,  and  although  larger  in  Hchidna,  the 
enormous  development  of  pallium  around  it  throws  it  into  in- 
significance. The  same  may  be  said  of  the  highly  macroscopic 
Mdcroptis,  Fetrogale,  HypsipryTrmvs,  and  ThyUwinvs.  It  is  flat 
and  insignificant  in  Petawrus  and  Fhaiangida,  corresponding  to 
their  smaller  olfactory  apparatus.  It  is  somewhat  larger  in 
Phaseolarctos.  In  Dasywms  it  appears  as  a  well  marked  rounded 
prominence.  In  Peramdes  it  is  relatively  much  larger  still, 
and  probably  reaches  its  highest  relative  development  (for  a 
mammal)  in  Notoryctes,  In  the  small  marsupial  mole  it  forms 
a  large  rounded  mass,  which  forms  a  complete  hemisphere  pro- 
jecting from  the  base  of  the  brain,  and  almost  equalling  in  size 
the  natiform  eminence.  It  almost  extends  to  the  lateral  border 
of  the  hemisphere.  In  the  reptile  the  corresponding  region  is 
very  large,  and  not  only  forms  a  lai^e  area  of  the  base,  but 
extends  well  on  to  the  lateral  aspect  of  the  cerebrum. 

The  surface  of  the  region  is  pale,  from  the  presence  of  a 
number  of  medullated  fibres  arising  from  the  external  olfactory 
radiation,  and  terminating  in  the  region. 

The  tuberculum  olfactorium  extends  on  to  the  mesial  surface 
of  the  hemisphere,  and  becomes  continuous  with  the  precom- 
missural area.  Dorsally,  this  region  is  directly  continuous,  on 
the  outer  side  of  the  lateral  ventricle,  with  the  corpus  striatum, 
with  no  clear  line  of  separation  between  them.  Hence  Ganser 
called  it  the  "  Kopfes  des  Streifenkiigels.*' 

The  three  parts  of  the  "  pars  intermedia  "  of  the  limbic  lobe — 

the    precommissural   area,    the    tuberculum    olfactorium    and 

tiie  septum  lucidum — resemble  one  another  in  their  general 

Iiistological  features.     They  all  lack  the  characteristic  cortical 

structure,  and    contain    small    scattered  polymorphous    cells. 

They  are,  moreover,  phylogenetically  the  most  ancient  parts 

of  the  cortex  cerebri,  and  accordingly  are  much  more  pro- 

xninent  in  lower  vertebrates,  especially  the  higher  Amphibia 

sxtd  reptiles.    They  also  present  a  markedly  precocious  develop- 

xxxent  in  the  mammal 

The  hippocampus  appears  ia  phylogeny  after  these  regions, 
tbe   fascia   dentata   probably  preceding   the  comu   ammonis 
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(hippocampus  major);  and  probably  the  pyriform  lobe  appears 
immediately  after  the  hippocampus.  The  pallium  is  the  last 
part  to  appear,  and  can  only  be  certainly  recognised  in  the  mam- 
malian cerebrum.  After  subtracting  the  hippocampus,  tuber- 
culum  olfactorium,  and  precommissural  area — all  of  which  can 
be  fairly  easily  recognised — ^from  the  sauropsidan  cortex,  there 
is  a  very  small  area  left  to  homologise  with  the  pyriform  lobe 
and  pallium.  This  small  region  upon  the  lateral  aspect  of  the 
cerebrum  is  probably  mainly  or  wholly  pyriform.  The  cortex 
cerebri  of  the  reptile,  therefore,  is  homologous  with  the  true 
limbic  lobe  mainly — possibly  wholly. 

The  Phylogeny  of  the  Corpus  CaUosum  and  Sqptum  PeUuddum. 

In  the  higher  Ichthyopsida,  Sauropsida,  and  non-placental 
mammals,  the  lamina  terminalis  contains  two  commissural 
bands  (figs.  1,  6,  and  7) — a  dorsal  and  a  ventral  The  ventral 
band  (fig.  6,  a.c)  is  found  in  all  vertebrates,  and  occupies  a  con- 
stant situation  in  the  lamina  terminalis.  There  can,  therefore, 
be  no  question  of  its  identification  in  any  animal  of  this  large 
series,  not  only  from  its  position  in  Burckhardt's  lamina 
infra-neuroporica,  but  also  by  the  course  of  its  fibres  beneath 
the  lateral  ventricle.  At  first  it  connects  only  the  corpora 
striata  and  olfactory  bulbs  (the  prosencephalic  part),  but  later 
the  pyriform  lobes  and  pallium. 

The  dorsal  commissural  band  (fig.  6,/.c)  is  the  fornix  com/nrn-' 
mre,  and  forms  the  link  not  only  between  the  hippocampi  and 
fasciffi  dentatse,  but  also  between  the  precommissural  areas  of 
the  two  sides. 

That  part  of  the  lamina  terminalis  which  is  situated  (fig.  6,  s) 
between  the  two  commissures,  becomes  thickened  early  in 
development,  especially  in  the  mammalian  brain. 

In  the  development  of  any  non-placental  mammal^  the  fornix 
fibres  cross  the  median  plane  in  the  most  dorsal  part  of  this 
thickening,  and  soon  form  a  rounded  bundle,  just  like  that  of 
the  reptile  (fig.  6).  As  development  proceeds  and  the  hemi- 
sphere elongates,  the  fornix  commissure  undergoes  a  correspond- 

^  I  hare  examined  foetal  brains  of  OmUhorhynehiLa,  PerameUSt  Mderopus,  axt^ 
PhaUmgistay  and  am  now  engaged  with  those  oiEchidma  and  Dag^urus^ 
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kg  borizontAl  elongation  from  the  crowding  of  more  fibres 
between  those .  already  there.  Although  in  Platypus  and 
Edddna  this  eloi^tion  is  not  apparent  (fig.  1,  p.  159)  in  the 
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roidille  line,  the  arrangement  of  the  fibres  is  clearly  seen  in  a 
sagittal  section  of  the  median  hemisphere  wall  (fig.  8). 

There  is  thus  produced  an  elongated  dorsal  commissure  lying 
ixi  tlie  dorsal  part  of  the  lamina  terminalis. 
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Corresponding  to  the  caudal  flexion  of  the  hippocampus  in 
OmUhorhf^nch/us  (fig.  2,  p.  162),  the  fornix  commissure  assumes 
a  shape  (fig.  8)  roughly  resembling  that  of  the  hippocampus.  In 
JEchidna  the  posterior  limb  of  the  fornix  commissure  is  better 
developed,  corresponding  to  the  larger  descending  limb  of  the 
hippocampus  (fig.  3).  In  the  marsupial  the  fornix  commissure 
now  consists  of  a  distinctly  bilaminar  form  corresponding  to  the 
complete  flexion  of  the  hippocampus  (fig.  4).  Thus  in  Feramdes 
(fig.  9)  the  commissure  consists  of  two  widely  divergent  limbs 
which  meet  posteriorly  in  a  "splenium.**  The  ventral  limb 
(/.c")  is  formed  from  the  fimbria  (fi),  which  is  derived  from  fibres 
proceeding  from  the  descending  portion  of  the  hippocampus. 
The  dorsal  limb  (/.c')  consists  of  fibres  derived  from  the  dorsal 
or  horizontal  part  of  the  hippocampus.  As  this  commissure 
elongates  (fig.  10),  the  angle  between  the  two  limbs  of  the  com- 
missure becomes  gradually  more  acute  until  in  Macrqpus  the  two 
laminse  are  almost  parallel 

The  thickened  mass  of  the  lamina  terminalis  (s)  completely 
fills  up  the  "hook"  formed  by  the  fornix  commissure  The 
fornix  commissure  of  the  non-placental  mammal  develops  in 
this  thickened  mass,  and  in  its  fully-developed  form  (figs. 
9  and  10)  forms  the  dorsal  and  posterior  boundaries  of  the 
thickening  (p.  189). 

The  shape  of  the  thickening  is  determined  by  that  of  the 
developing  commissure.  Lying  immediately  upon  the  dorsal 
aspect  of  the  dorsal  limb  of  the  commissure  in  all  the  non- 
placental  mammals  is  the  fascia  dentata. 

As  in  the  subsequent  discussion  I  shall  have  frequently  to 
refer  to  that  portion  of  the  lamina  terminalis  which  is  situated 
above  the  anterior  commissure,  and  contains  the  fornix  commis- 
sure and  later  the  corpus  callosum ;  and  from  whose  thickening 
and  subsequent  stretching  the  septum  pellucidum  is  developed,  it 
will  be  convenient  to  have  some  shorter  and  less  cumbrous  tenn. 

One   is   not    justified    in  calling  it  "septum    pellucidum,*' 
although  the  latter  structure  develops  from  it. 

I  shall  therefore  refer  to  it  as  the  "  commismre-led,"  and  shall 
understand  by  that  term  all  that  part  of  the  lamina  terminalis 
which  lies  on  the  dorsal  aspect  of  the  anterior  commissure  aixd. 
which  subsequently  becomes  thickened. 
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The  literature  relating  to  the  development  of  the  corpus 
calloaum  has  been  greatly  enriched  by  the  recent  researches  of 
Marchand  and  Paul  Martin,  who  have  studied  respectively  the 
hunian  and  the  feline  cerebrum.  The  result  of  their  work  has 
bewi  to  considerably  modify  the  generally  accepted  opinion 
which  regarded  the  corpus  callosum  as  a  development  in  the 
fused  hemisphere  walls.  The  rapid  changes  which  occur  in  the 
development  of  the  large  commissural  apparatus  in  any  higher 
mammal  are  apt  to  obscure  many  of  the  essential  features  and 
thus  deceive  the  observer.  Thus  Martin,  summing  up  the  results 
of  recent  work,  still  speaks  of  a  glumg-togdher  of  the  hemi* 
sphere  walls,  and  Adolf  Meyer  speaks  of  the  corpus  callosum  as 
a  developmtot  in  the  secondary  fusion  of  the  hemisphere  walls. 

In  this  paper  the  subject  is  viewed  from  the  broad  comparative 
aspect  The  general  principles  of  growth  have  been  studied  in 
ihenon-placental  mammal,  and  the  facts  collected  by  Mihalkovics, 
Marchand  and  Martin  have  been  compared  with  the  stages  of 
development  as  they  are  exhibited  in  a  series  of  Manunalian 
brains. 

I  It  may  be  stated  at  once  that  the  idea  of  a  fusion  of  the 
hemisphere  walls  is  utterly  opposed  to  the  facts  of  comparative 
anatomy,  which  clearly  point  to  the  corpus  callosum  as  a 
development  in  the  thickened  lamina  terminalis,  to  which  it 
morphologically  belongs  in  all  Eutheria. 

In  all  animalB  below  the  Eutheria  the  fibres  of  the  dorsal 
oommissure  are  derived  solely  from  the  hippocampal  formation. 
But  in  the  Eutheria  a  new  factor  oomes  into  play«    Fibres 
derived  from  the  pallium  immediately  adjacent  to  the  hippo- 
campus, and  whose    homologues    pass    through    the  anterior 
ccnmniflsure  in  the  Metatheria,  now  follow  the  same  route  as 
the  fibres  of  the  dorsal  limb  of  the  fornix  commissure.    These 
fibres,  which  constitute  the  corpus  callosum,  cross  the  mesial 
plane  immediately  on  the  ventral  aspect  of  the  fascia  dentata, 
4je,y  m  the  thickened  lamma  terminalis.    When  this  occurs,  the 
liippocampus  in  this  region  atrophies,  so  that  the  dorsal  limb  of 
tlie  fornix  commissure  disappears.     Thus  it  appears  that  in  the 
Eutheria,  fibres  belonging  to  the  anterior  commissure  system 
'^aind  which  constitute  the  corpus  callosum)  usurp  the  place  of 
titiQ  dorsal  limb  of  the  fornix  commissure  of  the  Metatheria  and 
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pass  through  the  dorsal  part  of  the  thickened  lamina  terminalis 
(fig.  11),  which  is  now  recognisable  as  the  homol(^e  of  the 
septum  pellucidum  of  higher  mammals.  The  remains  of  the 
hippocampus  may  be  seen  as  the  gyrus  suprdcaUosaiis  of 
Zuckerkandl  (fig.  11,  g,e\  which  presents  the  same  relation  to 
the  corpus  callosum  as  the  hippocampus  does  to  the  dorsal  limb 
of  the  fornix  commissure  in  the  marsupial  (fig.  9). 

The  Eutherian  cerebrum  is  already  well  flexed  when  the 
dorsal  commissure  first  begins  to  develop.  True  to  its 
phylogenetic  history,  the  fornix  commissure  is  the  first  part  to 
develop,  which  it  does  in  the  thickened  lamina  terminalis 
(Paul  Martin).  When  the  proper  callosal  ^  fibres  appear  they 
form,  with  the  fornix  commissure,  a  small  arc,  lying  in  the 
thickened  lamina  terminalis,  and  corresponding  to  the  bend  of 
the  hemisphere.  As  fr^sh  fibres  crowd  in  between  those  already 
present,  the  commissure  elongates,  i,e.,  the  arc  increases  in  size. 
As  it  extends  it  must  stretch  the  lamina  in  which  it  lies,  so 
that,  just  as  in  the  marsupial,  the  shape  of  the  rudimentary 
septum  is  determined  by  that  of  the  dorsal  commissure. 

In  lowly  Eutheria  such  as  most  of  the  Edentata  and  in 
highly  macrosmatic  mammals  with  a  small  pallium  such  as  the 
mole,  whose  brain  has  been  so  admirably  described  by  Ganser, 
the  corpus  callosum  presents  features  not  imlike  that  found  in 
the  early  stages  of  the  higher  mammalian  brain.  The  small 
band  which  forms  the  dorsal  commissure  in  these  lowly 
mammals  lies  in  the  dorsal  part  of  the  thick  mass,  which  is 
readily  recognised  by  comparison,  as  part  of  the  lamina 
terminalis — the  **  commissure-bedj'  In  such  animals  this  thicken- 
ing becomes  continuous  on  either  side,  just  as  in  the  marsupial 
and  monotreme,  with  the  thick  mass  of  the  precommissural 
area.  These  two  regions — precommissural  area  and  rudimentary 
septum — are  simply  parts  of  one  great  sheet,  which  presents 
uniform  histological  features.  Both  regions  transmit  fornix 
fibres  and  both  parts  vary  in  their  development  with  the  olfac- 
tory  apparatus. 

^  Martin  does  not  distingaish  between  a  corpus  callosum  and  a  fornix  com- 
missure, calling  the  combined  commissure  *'  corpus  callosum."  Both  for 
convenience  of  description  and  also  for  morphological  reasons,  it  is  desirable  to 
distinguish  between  a  fornix  commissure  and  a  true  corpus  callosum. 
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Now,  just  as  in  the  ascending  scale  the  importance  of  the 
precommifisural  area  diminishes,  so  also  does  that  of  the 
thickened  mass  of  the  lamina  terminalis.  Thus,  in  the 
mammalian  series,  as  the  corpus  callosum  is  rapidly  increasing 
in  extent,  the  "  convmissure-bed  "  is  diminishing  in  extent  with  the 
lessening  importance  of  the  olfactory  sense. 

These  two  opposing  factors  have  very  important  efifects  upon 
the  morphology  of  this  region  in  the  higher  mammals.  T/ie 
stretching  of  the  thickened  mass  of  the  lamina  terminaiis  ly  the 
extending  arc  of  the  dorsal  commissv/re  produces  the  septum 
pdluddum;  and  as  a  physical  expression  of  the  antagonism 
between  the  extension  of  the  commissure  and  the  retrogression  of  its 
"m^rix''  the  cavum  septi  peUuddi  or  fifth  veTVtride  appears. 

In  many  of  the  lower  Eutheria  in  which,  being  macrosmatic, 
the  "  commissure-bed "  is  large,  and  the  pallium  small,  the  two 
factors  do  not  come  into  opposition.  Thus  in  Talpa  (Gkinser), 
Dasypus  (Turner),  and  Gholoepus  (Flower),  the  commissure  is  not 
sufficiently  extensive  to  afifect  the  large  mass  of  the  lamina 
terminalis. 

In  the  rabbit,  however,  one  may  akeady  see  evident  signs  of 
the  tendency  of  the  growing  corpus  callosum  to  extend  beyond 
the  rudimentary  septum.  Thus,  while  the  grey  mass  still  fills 
up  the  greater  part  of  the  angle  between  corpus  callosum  and 
fornix  commissure,  the  anterior  extremity  of  the  former  is  grow- 
ing forwards  and  stretching  the  part  of  the  lamina  in  which  it 
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Fig.  13. — Scheme  of  commissnres  in  rabbit. 

lies.    There  is  thus  produced  (fig.  13,  c.s)  a  depression  widely 

open  in  front,  and  roofed  above  by  the  anterior  extremity  of  the 

corpus  callosum.    The  lateral  walls  of  this  depression  are  formed 

partly  by  a  stretching  of  the  thickening  of  the  lamina  terminalis, 

and   possibly  in  part  by  the  precommissural  area.    In  many 
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mammals  with  a  large  pallium,  and  therefore  a  large  corpus 
callosmn,  a  large  development  of  the  lamina  terminalis  may  for 
a  time  almost  keep  pace  with  the  growing  commissure.  This 
applies,  of  course,  to  highly  macrosmatic  mammals.  Thus  in 
many  carnivores  the  angle  between  the  corpus  callosum  and 
fornix  commissure  may  be  largely  filled  up  with  "  septum/'  so 
that  there  is  only  a  small,  or  perhaps  no  *'  cawm!* 

In  Man,  however,  the  two  opposing  factors  reach  their  climax. 
In  the  human  brain  the  corpus  callosum  reaches  its  maximum 
size,  whereas  the  "commissure-bed,"  in  conunon  with  the  rest 
of  the  olfactory  appcuratus,  is  undergoing  a  retrograde  evolution* 
There  is  a  maYimum  of  fibres  and  a  minimum  of  "  matrix,"  so 
that  the  latter  here  becomes  stretched  to  its  uttermost 

When  the  corpus  callosum  first  appears  in  the  Eutherian 
foetus  it  presents  a  curved  outline  in  sagittal  section  correspond- 
ing to  the  shape  of  the  parts  it  connects.    The  inferior  and 
posterior  limb  is  fornix,  being  derived  from  the  descending  horn 
of  the  hemisphere  in  which  the  anterior  and  fornix  x^mmissures 
maintain  their  primitive  arrangement,  undisturbed  by  corpus 
callosum.     The  dorsal  limb  of  the  small  arc  is  corpus  callosum 
proper.    As  new  fibres  crowd  in  between  those  already  formed^ 
the  arc  increases  in  length  and  in  diameter,  i.e,^  it  tends  to  recede 
from  the  anterior  commissure.    In  the  higher  or  microsmatic 
mammal,  a  time  soon  arrives  when  the  growing  commissural  arc 
reaches  the  limits  of  the  small  thickening  of  the  lamina  ter- 
minalis.   In  tracing  the  development,  the  lamina  appears  there- 
fore to  atrophy,  but  this  apparent  atrophy  is  largely,  if  not 
wholly,  relative.    The  lamina  becomes  moulded  to  the  shape  of 
the  commissure  by  the  growth  of  the  latter,  so  that  at  an  early 
stage  in  the  developing  microsmatic  mammal,  the  dorsal  com- 
missure consists  of  a  small  arc  of  fibres,  with  a  thin  layer  of  grey- 
matter  inclosing  them,  and  accurately  adapted  to  the  shape  of  the 
commissural  arc.    There  is  thus  early  produced  a  small  recess 
roofed  by  corpus  callosum  (lying  in  the   lamina  terminalis), 
bounded  posteriorly  and  below  by  the  fornix  commissure  (also 
inclosed  in  lamina  terminalis),  and  laterally  by  walls  also  formed 
from  the  stretched  lamina  terminalis.    This  small  recess,  whicb 
is  freely  open  in  front,  so  as  to  communicate  with  the  great; 
longitudinal  fissure,  is  the  rudiment  of  the  ''  ca/mm  septipellucidL** 
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As  the  conmuBBnre  incrsaaea  in  extent  hj  the  addition  of  new 
fibres,  the  stretching  of  the  lamina  tenniualiB  stOl  goes  on,  80 
that  as  the  corpus  callosum  grows  back  the  cavum  increases  in 
extent,  and  the  "  laminEe  septi  pellucidi "  become  broader  and 
longer.  At  the  same  time  that  all  this  is  going  on,  the  anterior 
extremity  of  the  corpus  callosum  is  extending  forwards,  always 
of  course  lying  in  the  lamina  terminalis,  which  is  continually 
being  "  stretched."    Corresponding  to  the  cephaUc  bend  of  the 
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hemisphere,  the  corpus  calloeum  develops  its  ^enu  (fig.  14,  g), 
which  increases  in  extent  in  the  higher  mammaha,  until  in  man 
it  completely  shuts  ofT  the  "  cavum  septi "  from  the  surf  ace. 

In  macrosmatic  mammals  the  exact  morphogenesis  of  this 
r^on  varies  with  the  extent  of  the  thickening  of  the  lamina 
tenninalia,  which  may  more  or  less  completely  fill  up  the 
"splenial"  recess.  It  is  to  be  noted  in  many  macrosmatic 
mammals  (e^.,  the  sloth  and  sheep)  that  the  "  stretching  "  of  the 
lamina  terminalis  affects  mainly  those  parts  immediately  in 
relation  to  the  corpus  callosum,  while  the  ventral  part  in 
relation  to  the  anterior  commiseure  remains  thick. 

Whether  the  precommissural  area  takes  any  share  in  the 
formation  of  the  septum  pellucidum  is  very  doubtful  In  the 
higher  mammals  this  r^on,  which  constitutes  the  gyrus  suh- 
calloens  of  Zuckerkandl,  becomes  very  much  reduced,  and  it 
-vroald  appear  that  the  septum  is  developed  solely  from  the 
jflitiina  terminalis. 

In  the  non-placental  mammal  the  fascia  deutata  (figs.  1, 9,  and 
3. C},/(2)and hippocampus  he  immediately  upon  the  dorsal  aspect 
of  the  upper  limb  of  the  fornix  commissure.  In  the  placental 
iniunma]  as  the  corpus  calloeum  extends,  it  pushes  the  repre- 
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sentative  of  the  hippocampal  formation  before  it  (fig.  11,  g.c). 
The  atrophic  hippocampal  region  which  ]&  thus  pushed  upwards 
and  forwards,  forms  the  ^^  gyrus  sitpracaUoscdis"  and  "  gyrus  geni- 
cuii"  of  ZuckerkandL  Posteriorly,  the  supracallosal  gyrus 
appears  to  become  continuous  with  the  fascia  dentata  (figs.  15 
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Fio.  15. — Limbic  lobe  of  dog  seen  mesially. 

and  17);  but  since  the  whole  hippocampus  (as  met  with  in 
the  Metatheria)  disappears,  the  gyrus  supracallosalis  must  be 
considered  as  the  homologue  of  the  dorsal  part  of  the  entire 
hippocampal  formation,  and  not  only  of  the  fascia  dentata. 


Fig.  16. — Limbic  lobe  of  dog  seen  laterally. 

The  corpus  callosum,  in  its  backward  growth,  indents  and 
pushes  back  the  hippocampal  formation,  producing  the  charac- 
teristic bend  (figs.  5, 15,  and  17)  which  is  found  in  all  Eutherian 
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cerebra.  The  earliest  atage  of  thia  indentation  ax&j  be  seen  in 
Dasypua  (%.  11),  and  the  more  extensive  bend  is  well  demon- 
strated in  the  rabbit  (fig.  13),  and  dog  (figs.  5  and  15).  It  is 
eapeciallj  well  marked  in  the  sheep,  and  may  be  clearly  demon- 
strated in  almost  any  placental  mammaL  Yet  Hill  would  have 
ns  beUeve  that  the  fascia  dentata  is  subcallosal,  and  has  no 
connection  with  the  strife  Lancisii  at  aU.  In  an  earlier  paper  I 
attempted  to  explain  this  bending  of  the  hippocampus  as  a  later 
development  only  found  in  macrosmatic  mammals.  As  the 
result  of  fuller  investigation,  I  find,  however,  that  this  is  not  so, 
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for  the  condition  is  fairly  constant  in  micr-  as  well  as  in  macr- 
osmatic  Eutherian  brains,  and  has  a  distinctly  causal  relation 
to  the  development  of  the  corpus  callosum.  In  macrosmatic, 
however,  the  full  degree  of  bending  is  maintained  to  a  greater 
extent  than  in  microsmatic  mammals.  It  is  just  possible,  how- 
ever, that  the  further  extension  of  the  corpus  calloanm  in  the 
latter  (%.  18)  may  tend  to  stretch  and  straighten  the  hippo- 
camjial  region. 

The  relation  of  the  coi-pus  callosum  to  the  gyrus  supracallo- 
g^lia  and  g.  geniculi — which  undoubtedly  represent  fascia  dentata 
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— clearly  shows  that  in  its  doisal  extension  the  corpus  calloeum 
could  not  have  developed  in  a  fusion  of  the  hemisphere  wall,  as 
Mihalkovics  and  Martin  would  have  us  believe,  but  must,  on 
the  other  hand,  have  developed  in  the  structure  which  is 
immediately  ventral  to  the  representative  of  the  fasda  dentata. 
An  examination  of  the  marsupial  brain  (fig.  9)  shows  us  that 
the  structure  immediately  ventral  to  the  fascia  dentata  is  the 
thickened  lamina  terminalis.  In  front  of  the  lamina  terminalis 
in  the  Proto-  and  Meta-theria  one  finds  the  precommissural  area. 
In  the  Eutherian  brain  one  can  recognise  the  homologue  of  this 
structure  in  the  gyrus  8ubc6dlosus,  lying  in  front  of  the  septum 
pellucidum  (figs.  15  and  17,i?.a).  It  is  evident,  therefore,  that 
if  the  septum  pellucidum  is  derived  from  any  other  structure 
than  lamina  terminalis  it  must  be  from  precommissural  area. 
It  has  already  been  shown  that  these  two  regions — precom- 
missural area  and  lamina  terminalis — ^are  simply  different  parts 
of  one  morphologically  uniform  plate.  So  that  it  does  not 
signify  much  if  part  of  the  "  septum  "  is  derived  from  the  pre- 
commissural area;  nor  does  it  detract  from  the  value  of  the 
broad  generalisation — that  in    all   vertebrates  the  whole 

CEREBRAL  COMMISSURAL  SYSTEM  DEVELOPS  IN  AND  MORPHO- 
LOGICALLT  BELONGS  TO  THE  LAMINA  TERMINALIS. 


The  dorsal  lirrib  of  the  limbic  lobe  in  Eutheria, 

One  is  now  in  a  position  to  examine  the  dorsal  limb  of  the 
marginal  ring  in  the  placental  mammal.  A  dissection  of  this 
region  in  the  dog  is  represented  in  fig.  5,  and  it  will  be  seen  that, 
as  in  the  metatherian  brain  (fig.  4,  p.  162),  the  primitively  dorsal 
limb  is  now  not  only  dorsal  but  aJao  posterior  enid  partly  inferior. 
It  will  be  noticed,  moreover,  that  the  whole  of  the  dorsal  part  of 
the  "  Hmb  " — ^just  that  part  of  the  lobe  which  indicates  the  true 
morphological  position  of  the  hippocampus  {vide  fig.  2) — ^has 
undergone  au  atrophic  change  to  form  th.e  supracallosal  gyroa 
(jj^)  and  gyrus  geniculi  {ff,g).  This  correspc>^  to  the  position 
of  the  corpus  callosum.  The  bend  of  the  hip{i(pcampu8  under- 
neath the  spleivmn  of  the  corpus  callosum  is  clj^f ^7  shown  in 
fig.  5.  j 
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When  the  corpus  calloBum  first  indents  the  hippocampus  in 
its  backward  growth  (vide  Dasypus  or  the  figures  of  Martin  and 
Marchand),  only  a  relatively  small  part  of  the  hippocampus  lied 
above  the  commissure.  It  is  evident  that  with  the  growth  of 
the  latter  this  segment  of  the  hippocampus  must  become 
enormously  stretched.  This  may  possibly  be  one  of  the  factors 
in  the  retrogression  of  the  hippocampus  in  the  Eutheria.  For 
with  the  diminished  importance  of  the  sense  of  smell,  the  pro- 
portions of  the  hippocampus  tend  to  decrease  and  not  increase, 
as  they  would  if  they  still  formed  the  whole  margin  of  the 
fissura  choroidea. 


Other  parts  of  the  "  Iwibic  lobe  "  in  JEiUheria. 

The  pyriform  or  "ventral  limb"  undergoes  in  placental 
mammals  a  bending  exactly  corresponding  to  that  which 
occurs  in  the  marsupial  brain.  This  bend  is  represented  in 
the  dog's  brain  in  fig.  16. 

The  anterior  part  of  the  pyriform  lobe  in  higher  mammals 
becomes  very  much  reduced,  and  in  man  is  represented  merely 
by  a  narrow  white  band,  which  forms  the  lateral  boundary  of 
the  anterior  perforated  spot,  and  which  is  generally  distinguished 
as  "  radix  lateralis.'' 

It  is  instructive  now  to  compare  in  a  tabulated  form  the  re- 
presentatives in  the  human  brain  of  the  three  simple  segments 
of  the  limbic  lobe  in  Platypus. 

Ornithorhynehus.  Homo. 

I.  Dorsal  limb  of  limbic  lobe  gyrus  geniculi. 

=s  hippocampus  fascia  gyrus  supracallosalis 

dentata.  (strise  Lancisii). 

'fimbria.  fascia  dentata. 

hippocampus, 
fimbria,     fornix  longus. 

n.    Ventral  limh  of  limbic  lobe  gyrus  uncinatus  (excluding  the 

a  pyriform  lobe.  subiculum  cornu  Ammonis). 

radix  lateralis  (bulbi  olfactorii), 
the  floor  of  the  vallecula 
Sylvii  joining  the  latter  to 
the  gyrus  uncinatus. 
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OrnUhorhynchus,  Homo, 

III.  "  Pars  intermedia  "  =  thick-  septum  pellucidum. 

ened    lamina    terminalis  gyrus  subcallosus. 

("  commissure-bed  ").  gyrus  iufracallosus  {vd  fomicis). 

precommissural  area.  locus  perforatus  anticus. 
tuberculum  olfactorium. 


The  Fornix. 

It  must  be  evident  that  the  facts  adduced  in  the  above  discus- 
sion must  have  an  important  bearing  upon  the  interpretation  of 
the  fornix  system,  our  ignorance  of  which  has  been  so  clearly 
exposed  by  the  critical  and  exhaustive  monograph  of  Honegger. 
In  the  marsupial,  fibres  derived  from  the  alveus  of  the 
hippocampus  converge  towards  the  "  septum,"  those  coming  from 
the  descending  limb  forming  the  fimbria.  Although  the  fibres 
which  come  from  the  anterior  or  dorsal  limb  of  the  hippocampus 
do  not  form  a  "  fimbria,"  it  will  be  convenient  to  speak  of  them 
as  the  "  anterior  Jirniria,'*  in  contradistinction  to  the  true  or 
"posterior"  fimbria. 

The  fibres  from  the  extreme  anterior  end  of  the  hippocampus 
proceed  to  their  several  destinations  directly,  and  therefore 
afford  an  important  key,  which  enables  one  to  more  clearly 
interpret  the  arrangement  of  the  rest  of  the  fornix  system. 

The  fibres  from  the  posterior  or  descending  part  of  the 
hippocampus  reach  the  posterior  and  infeiior  part  of  the 
"septum"  by  means  of  the  posterior  fimbria.  Here  a  large 
proportion  of  the  fibres  crosses  the  mesial  plane  and  forms  the 
ventral  limb  of  the  fornix  commissure  (fig.  9).  The  non  crossing 
fibres  proceed  forwards  in  the  "  septum  "  after  passing  between, 
the  fibres  of  the  fornix  commissure,  and  immediately  divide  into 
two  series,  which  descend  respectively  in  front  of  und  behind 
the  anterior  commissure.  The  latter  form  part  of  the  columna 
fomicis  (figs.  8,  9,  and  10,  c/),  and  need  not  be  further  considered 
here.  The  precommissural  Jibres  [Huxley],  after  passing  through 
the  "septum,"  arch  down  in  the  precommissural  area  to  the 
base  of  the  brain. 

The  fibres  of  the  "anterior  fimbria"  have  a  corresponding 
arrangement.    In  the  most  dorsal  part  of  the  "septum,"  i.e.. 
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immediately  below  the  fascia  dentata  (fig.  9),  the  commissural 
j&bres  cross  the  middle  line  (f^d).  The  uncrossed  fibres,  after 
passing  between  the  commissural  fibres,  enter  the  septum  and 
behave  exactly  like  those  from  the  "posterior  fimbria,"  t.«., 
divide  into  pre-  and  pad-^ommismral  colunms. 

The  precommissural  fibres  of  Huxley,  which  include  the 
**  Biechbundel  des  Comu  Ammonis "  of  Zuckerkandl,  include  a 
number  of  strands  of  varied  significance.  An  important  series 
of  fibres  arises  from  cells  in  the  tuberculum  olfactorium  and 
precommissural  area,  and  after  passing  through  the  latter  and 
the  "septum"  they  enter  the  various  alteus  regions.  They 
constitute  a  path  from  the  bulbus  olfactorii  to  the  hippo- 
campus. 

Another  series  arches  backwards  below  the  anterior  commissure 
and  connects  the  hippocampus  with  the  basal  part  of  the  ^*  tween- 
brain,"  and  possibly  with  the  pyriform  lobe.  This,  however,  is 
not  certain.  In  the  Anatomischer  Anzeiger  of  March  1895,  I 
described  a  bundle  of  fibres  which  arose  in  the  olfactory  bulb, 
and,  after  passing  through  the  precommissural  area,  either 
directly  entered  the  anterior  extremity  of  the  fascia  dentata  to 
terminate  in  its  molecular  layer,  or  else  entered  the  anterior 
fimbria  to  end  in  a  similar  manner  further  back. 

Following  the  analogy  of  Zuckerkandl's  nomenclature,  I  called 
this  track  of  fibres  "  the  olfactory  bundle  of  the  fascia  dentata^  In 
the  anterior  fimbria  it  extends  backwards  at  the  ventral  margin 
of  the  fascia  dentata,  i,e.,  between  the  latter  and  the  dorsal  limb 
of  the  fornix  commissure,  and  distributes  fibres  into  the  whole 
extent  of  the  fascia  dentata. 

What  happens  in  the  placental  mammal  ?    The  anterior  limb 
of  the  hippocampus  and  its  commissure  disappear,  and  the  corpus 
callosum  takes  its  place.    The  posterior  or  descending  limb  of 
t^he  hippocampus,  with  its  crossed  and  uncrossed  fibres,  is  left, 
and  maintains  the  arrangement  which  I  have  just  described  in 
tlie  marsupiaL    The  precommissural  fibres,  coursing  through  the 
septum,  in  part  form  the  ^^foMiadus  arcuaius  septi  peUimdi"  of 
Granser,  the  *^  fornix  longus  "  of  Forel,  which  consequently  contains 
no  crossing  fibres,  as  von  KoeUiker  has  already  stated  in  opposi- 
tion to  Honegger.    Numbers  of  non-crossing  fibres  from  the  hip- 
pocampus, in  the  region  of  the  splenium,  pass  through  the  fornix 
VOL.  xxx.  (n.s.  vol.  X.)  0 
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commissure,  splenium,  and  body  of  the  fornix  to  enter  the  septom 
pellucidum,  just  as  they  pass  through  the  fornix  commissure  in 
the  non-placental  mammaL  These  fibres,  which  Ganser,  Koelliker, 
Beevor,  and  Vogt  have  described  (but  whose  presence  Honegger 
and  Meyer  have  denied),  are  readily  seen  in  the  human  brain, 
and  join  the  so-called  fornix  longus. 

The  "olfactory  bundle  of  the  fascia  dentata"  maintains  a 
similar  course  to  that  which  it  follows  in  the  monotreme.  It 
passes  through  the  gyri  subcallosus,  geniculi,  and  supracallosalis, 
forming  one  of  the  constituents  of  the  stria  longitudinalis 
medialis,  lying  above  the  corpus  callosum,  just  as  it  lies  above 
the  fornix  commissure  in  Orniihorhynchus.  Posteriorly  it  enters 
the  fascia  dentata  to  terminate  there. 

Other  fibres  belonging  to  the  precommissural  system  pass 
through  the  septum  pellucidum  and  perforate  the  corpus  cal- 
losum to  join  the  strise  of  Lancisius. 

Portions  of  the  fibre  tract,  known  as  the  cingulum,  also  belong 
to  the  fornix  system,  but  their  exact  homologies  are  doubtful. 

It  would  appear,  therefore,  that  the  fibres  of  the  fornix  longus 
are  serially  homologous  with  the  other  longitudinal  uncrossed 
fibres  of  the  fornix  system,  and  behave  in  a  similar  maimer, 
dividing  into  pre-commissural  and  post-commissural  bundles. 

The  relation  of  the  callosai  gyrus  and  hippocampus  Tnajor  to  the 

lirnbic  lobe. 

Broca  and,  following  hitn,  most  anatomists  include  the  gyrus 
caUosalis  or  fomicatus  in  the  limbic  lobe.  It  is  evident  from 
what  has  been  said  above  that  it  is  not  marginal  or  "  limbic  "  in. 
the  sense  of  Broca,  Foville,  and  Gerdy,  since  it  is  separated  from 
the  hilum  by  the  hippocampus  or  its  representative — the  gyrxis 
supracallosalis. 

Does  it  form  part  of  the  olfactory  centre  ?  It  is  not  directly 
connected  with  the  olfactory  apparatus  like  all  the  parts  of  tlie 
**  true  limbic  lobe  "  or  **  rhinencephalon  "  of  Turner.  Although 
strongly  associated  with  the  undoubted  olfactory  centre,  it 
no  more  right  to  be  considered  part  of  that  "  centre  "  than 
other  part  of  the  pallium. 

Phylogenetically  it  is  of  much  more  recent  origin  than  all  the 
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parts  of  the  true  limbic  lobe,  so  that  it  does  not  fulfil  Broca's 
third  criterion. 

The  question  of  the  homology  of  the  so-called  **  limbic  fissure  " 
does  not  rest  upon  any  sure  scientific  basis.  A  mere  resemblance 
between  parts  in  a  series  of  cerebra  is  not  sufficient  ground  for 
concluding  that  they  are  homologous,  in  the  absence  of  any  corro- 
borative evidence  to  support  the  thesis. 

In  a  communication  made  to  the  International  Medical 
Congress  in  Eome  in  1894,  Debierre  suggested  that  the  term 
limbic  lobe  be  applied  to  the  fascia  dentata  and  striae  LancisiL 

There  can  be  no  question  of  the  propriety  of  includiug  the 
pyriform  in  a  limbic  lobe,  because  it  is  marginal ;  the  external 
olfactory  terminates  in  it ;  and  it  is  phylogenetically  old. 

Although  the  hippocampus  (as  distinct  from  the  fascia 
dentata)  is  not  marginal,  and  probably  has  other  fimctions  in 
addition  to  those  connected  with  the  olfactory  sense,  still  it  is  so 
closely  connected  with  the  olfactory  apparatus,  and  especially 
with  the  fascia  dentata,  that  the  two  structures  may  be  regarded 
as  one  formation,  which  is  marginal  and  mainly  olfactory. 

Budolph  Burckhardt  has  shown  that  the  oldest  parts  of  the 
brain  tube  are  found  in  the  mesial  plane.  They  are  "  conserva- 
tive "  and  maintain  their  essential  morphology  unchanged,  while 
the  plastic  lateral  regions  are  constantly  changing  and  undergo 
a  progressive  evolution.  Similarly,  in  the  cerebral  hemisphere, 
the  oldest  regions  are  situated  around  the  "  hilum,"  and  as  new 
xi^ons  are  "  added  "  (Edinger),  they  appear  on  the  periphery  of 
the  older  regions,  which  hence  become  limbic.  Thus  the  cerebral 
oortex  of  the  Reptile  becomes  relegated  in  the  mammal  to  the 
jregion  immediately  surrounding  the  hilum  of  the  hemisphere^ 
sLnd  constitutes  the  'Hrue  limbic  lobe.'' 


[Literature. 
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EXPLANATION  OF  FIGURES. 

Fig.  1.  Mesial  aspect  of  cerebral  hemisphere  of  Omiihorki/nchus. 
Nat.  size.     The  limbic  lobe  is  shaded.     The  greater   part  of  the 
hippocampus  (h)  is  hidden  by  a  pallial  operculum,   only  a   small 
fusiform  area  of  the  fascia  dentata  (f.d)  showing  on  the  surface  ;  but 
the  extent  of  the  hippocampal  region  is  shaded.     Page  159. 

Fig.  2.  Figure  showing  shape  of  hippocampus  of  Ornithorhynehuai^ 
Nat  size.  Drawn  from  a  dissection  which  exposed  the  ventricular 
aspect  of  the  hippocampus.     Figs.  2-5,  page  162. 

Fig.  3.  Hippocampus  of  Echidna,  Nat.  size.  Drawn  from  a 
specimen  prepared  in  same  way. 

Fig.  4.  Hippocampus  of    marsupial  (Dasyurus  viverrinus),     N 
size.     Prepared  in  same  way  as  figs.  2  and  3. 

Fig.  5.  Hippocampus  of  dog.    Nat  size.     Drawn  from  a 
specimen  represented  in  figs.  15  and  16. 
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Fig.  6.  Scheme  of  sagittal  section  of  lamina  terminalis  of  reptile, 
page  189. 

Fig.  7.  Ditto  of  bird.     Figs.  7-12,  page  189. 

Fig.  8.  Ditto.  Ormthorhynchus,  Drawn  from  a  "Weigert-stained 
sagittal  section  through  the  mesial  hemisphere  wall. 

Fig.  9.  Ditto.  Perameles  namtcL  Drawn  from  a  sagittal  section 
stained  by  the  Weigert-Pal  method. 

Fig.  10.  Scheme  of  commissures  in  a  higher  marsupial.  Modified 
from  a  Macroptis  brain. 

Fig.  11.  Scheme  of  arrangement  of  commissures  in  Dasypus  sex- 
cinctua.    Modified  after  Sir  William  Turner. 

Fig.  12.  Ditto.     Sloth  after  Sir  W.  H.  Flower. 

Fig.  13.  Scheme  of  commissures  in  rabbit,  page  193. 

Fig.  14.  Scheme  of  commissures  in  a  higher  placental  mammal, 
page  195. 

Fig.  15.  The  limbic  lobe  of  a  dog,  seen  from  the  mesial  aspect. 
Nat.  size,  page  196. 

Fig.  16.  Drawing  of  a  dissection  of  the  cerebrum  of  a  dog,  in  which 
all  the  hemisphere  except  the  true  limbic  lobe  was  removed.  Viewed 
from  the  lateral  aspect,  showing  the  ventricular  aspect  of  the  hippo- 
campus {h)  and  septum  («).  The  surface  of  the  pyriform  lobe  is  seen 
{jpyr\  and  at  x  the  cut  surface  where  the  pallium  has  been  detached. 
Nat.  size,  page  196. 

Fig.  17.  Mesial  aspect  of  the  commissures  of  a  human  brain.  Nat. 
size,  page  197. 


Explanation  of  Lbtterino. 

/.c.  =s  fornix  commissure. 
ax,  =  anterior  commissure, 
c.c.  =a  corpus  callosum. 

s,  s  septum  pellucidum. 

h, »  hippocampus. 
f,d,  s  fascia  dentata. 

;?.- fimbria, 
c/.  Bcolumna  fomicis. 

^'^'  \  —  gyros  supracallosus. 

g,g. «  gyrus  geniculi. 

Jl/.  ahippocampal  fissure, 
jp.a.  =  "precommismral  area  "of  the  median  cortex. 

to.  atuberculum  olfactorium. 
pyr.  =  pyriform  lobe. 

e.8. »  cavum  septi  pellucidi 

S^TDNXT,  N.S.W.,  August  2,  1895. 


AN  INTERESTING  ABNORMALITY  OF  THE  HEPATIC 
ARTERY,  WITH  EXPLANATION  OF  THE  CONDI- 
TION. By  Professor  Edwabd  Fawcett,  Unwersity  College, 
Bristol, 

The  Hepatic  Artery  is  so  often  abnormal  in  its  mode  of  origin 
that  some  apology  is  needed  in  describing  this  specimen. 

My  excuse  for  this  record  is  based  on  the  supposition,  that 
the  history  of  an  abnormality  is  not  always  so  evident,  and 
perchance  so  interesting. 


Fio.  1. — H'  trae  hepatio  artery ;  HH,  continoation  of  hepatic  artery  to  liver 
(L) ;  GD,  gastro-duodenal  branch  dividing  into  gastro-epiploica  dextra 
(GED)  and  superior  pancreatico-daodenal  (SPD) ;  Cy,  cystic  artery  ;  I, 
functional  hepatic  arteiy,  is  it  inferior  pancreatico-duodenal  ?  or  is  that  to 
which  dotted  line  is  directed  ?  CA,  coeliac  axis  ;  Gor,  coronary  ;  Sp,  splenic  ; 
A,  aorta ;  SM,  superior  mesenteric ;  PY,  portal  vein ;  SMV,  superior 
mesenteric  vein ;  SL,  Spigelian  lobe  of  liver. 

In  this  case  my  attention  was  first  attracted  by  an  arteiiaJ. 
circle  which  was  formed  around  the  portal  vein,  a  circle  which 
was  made  up  of  the  following  vessels :  in  front,  a  small  Vessel 
(fig.  1,  H')  which  sprang  from  the  coeliac  axis,  and  apparently 
ended  by  anastomosing  with  a  \»  xge  .  branch  of  the  superior 
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mesenteric  artery  (fig.  1,  SM),  which  went  up  to  the  liver  and 
appeared  to  be  an  abnormal  hepatic  artery,  as  indeed  it  was 
functionally,  but  not  developmentally.  This  branch  of  the 
superior  mesenteric  formed  the  right  segment  of  the  circle. 
The  left  segment  was  formed  by  three  vessels, — from  below 
upwards, — the  trunk  of  the  superior  mesenteric  (SM),  the 
abdominal  aorta  (A),  and  the  coeliac  axis  (CA).  Perhaps  the 
term  arterial  triangle  would  have  been  more  applicable  than 
arterial  circle,  though  the  latter  term  is  one  more  commonly 
used. 

The  accompanying  j^ure  will  show  this  more  clearly.  At 
first  sight  I  was  inclined  to  dismiss  the  whole  thing  as  being 
simply  another  instance  of  a  hepatic  artery  arising  from  the 
superior  mesenteric;  but  this  small  cross  branch  between  the 
cceliac  axis  and  what  appeared  to  be  a  hepatic  branch  of  the 
superior  mesenteric,  and  the  circle  or  triangle  it  completed  with 
the  others  aroimd  the  portal  vein,  caused  me  to  make  further 
investigation  into  this  primarily  apparently  simple  condition, 
with  the  result  that  a  really  interesting  state  of  affairs  was 
disclosed.  It  is  evident  that  this  small  cross  branch  (fig.  1,  H') 
is  really  the  normal  hepatic  artery,  which  has  blended  with  the 
superior  pancreatico-duodenal  (I)  artery  at  some  time,  and  from 
some  cause  which  I  don't  venture  to  explain.  It  is  also  evident 
that  the  blood,  having  now  found  a  more  direct  route  than  by 
the  usual  course,  has  caused  the  inferior  pancreatico-duodenal 
artery  to  dilate,  and  the  true  hepatic  artery  to  shrink.  The 
arterial  system,  beyond  the  point  of  junction  of  the  inferior 
pancreatico  artery  with  the  true  hepatic  (H'),  is  evidently  that 
normally  developed  in  connection  with  the  hepatic  artery.  Thus 
we  see,  coming  off  at  the  junction  of  the  true  hepatic  artery  with 
the  apparent  one  (the  enlarged  inferior  pancreatico-duodenal),  the 
gastro-duodenal  artery  (GD),  which  after  a  course  of  about  an 
inch,  divides  into  the  gastro-epiploica  dextra  (GED),  and  the 
superior  pancreatico-duodenal  (SPD).  This  last  vessel,  as  will 
be  seen  in  the  diagram,  was  small,  and,  after  passing  behind  the 
superior  mesenteric  vein  (SMV),  ended  by  anastomosing  with 
the  inferior  pancreatico-duodenal,  near  its  origin  from  the 
superior  mesenteric.  The  large  vessel  (HH)  going  to  the  liver 
l)eyond  the    junction  of    the    true    hepatic    artery  with  the 
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inferior  paucreatico-duodenal,  is  evidently  the  continuation  of 
the  true  hepatic  artery  although  it  appears  to  be  the  continua- 
tion of  the  inferior  pancreatico-duodenal^  and  no  doubt  it 
functionally  is  in  the  main.  It  is  seen  to  give  off  a  cystic 
branch  to  the  right,  when  nearing  the  liver,  in  much  the  usual 
manner. 

That  this  small  cross  branch  is  the  true  hepatic  artery  I  have 
no  doubt;  firstly,  because  it  arises  from  the  coeUac  axis,  and 
secondly,  because  it  passes  in  front  of  the  portal  vein.  For  the 
second  reason,  it  is  certain  that  that  part  of  the  artery  (fig.  1, 
HH)  passing  from  the  junction  with  the  cross  branch  to  the 
liver,  is  the  modified  continuation  of  that  cross  branch ;  in' other 
words,  is  the  continuation  of  the  true  hepatic.  The  part  below 
the  junction  of  the  cross  branch  (fig.  1,  I)  undoubtedly  is  not 
a  true  hepatic,  because  it  lies  on  a  different  plane  from  the 
normal  one,  being  placed  behind  the  superior  mesenteric  veiiL 

Of  the  nature  of  the  branch  that  I  have  chosen  to  speak  of  as 
the  inferior  pancreatico-duodenal  I  am  not  so  certain.  It  can, 
however,  I  think,  only  be  one  of  two  things :  it  is  either  the 
inferior  pancreatico-duodenal  artery,  or  an  enlarged  branch  of 
it  which  has  joined  with  some  pancreatic  branch  of  the  gastro* 
duodenal. 

The  pyloric  branch  of  the  hepatic  artery  is  not  represented,  as 
it  was  cut  away  in  the  removal  of  the  stomach  before  I  made 
my  observations. 

I  must  thank  two  of  my  students,  Messrs  Frost  and  Hemsted, 
for  the  readiness  with  which  they  gave  their  help.  Had  their 
dissection  not  been  executed  with  great  care,  I  should  not  have 
noticed  this  interesting  condition. 

Lastly,  I  venture  to  think  that  it  is  not  unlikely  that  many  of 
the  apparent  origins  of  the  hepatic  artery  from  the  superior 
mesenteric  may  possibly  have  a  similar  explanation. 


ABNORMAL  DISTRIBUTION  OF  THE  NERVUS 
DORSALIS  SCAPULiE,  AND  OF  CERTAIN  OF  THE 
INTERCOSTAL  NERVES.  By  A.  Francis  Dixon,  M.B., 
Chief  Derrumstrator  of  ATvatomy,  Trinity  College,  Dublin. 

In  a  female  subject  dissected  in  the  School  of  Anatomy,  Trinity 

Collie,  Dublin,  the  following  abnormalities  were  observed  in 

the  nerve  to  the  Rhomboid  muscles  (nervus  dorsalis  scapulae)  on 

the  left  side,  and  in  certain  of  the  intercostal  nerves  of  both 

sides.    The  nerve  to  the  Rhomboids  on  the  left  side  not  only 

supplied  these  muscles,  together  with  the  levator  anguli  scapulae, 

but  it  also  sent  a  branch  to  supply  a  small  area  of  skin  close 

to  the  mesial  line  at  the  level  of  the  fifth  and  sixth  dorsal 

spines.    This  branch,  to  reach  the  area  of  its  distribution,  pierced 

the  trapezius  muscle  a  little  below  the  lower  border  of   the 

rhomboideus  major    muscle.     The    nerve  was    easily    traced 

through  the  trapezius,  and  no  filaments  passed  to  the  fibres  of 

that  muscle.     Unfortunately,  no  opportunity  was  obtained   to 

examine  whether  this  cutaneous  branch  of  the  nerve  to  the 

rhomboids  was  also  present  on  the  right  side.    The  intercostal 

nerves,  which  in  the  same  subject  presented  abnormalities,  were 

the  second,  third,  and  fourth  of  both  sides.     In  each  of  these 

nerves,  at  the  point  where  normally  the  lateral  cutaneous  nerve 

is  given  off,  a  large  branch  was  present    This  branch,  however, 

not  only  divided  iato  the  normal  anterior  and  posterior  divisions, 

but  also  sent  a  long  slender  branch  forwards  towards  the  middle 

line,  which,  from  its  distribution,  evidently  represented  the 

anterior  cutaneous    branch  of    the  intercostal  nerve.    These 

slender  branches   lay  in   each  case  superficial  to  the  fascia, 

carving  the  external  intercostal  muscle  and  anterior  intercostal 

aponeurosis,  and  those  corresponding  to  the  third  and  fourth 

intercostal  nerves  pierced  the  origin  of  the  pectoralis  minor 

muscle  from  the  anterior  intercostal  aponeurosis.    No  branches 

^vrere  given  off  by  these  nerves  until,  reaching  nearly  to  the 

sternum,  they  turned  forwards,  and,  piercing  the  pectoraUs  major 

muscle,  supplied  the  skin  in  this  region.    The  course  presented 
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by  these  nerves  was  peculiar,  and  was  similar  in  each  case.    In 
the  first  instance  each  nerve  passed  downwards  to  the  upper 
margin  of  the  rib  bounding  the  intercostal  space  below,  along 
which  it  turned  forwards.    As  it  approached  the  junction  of  rib 
and    cartilage,  however,  the    nerve    turned    upwards,  till  it 
reached  the  lower  border  of  the  costal  cartilage  above,  along 
the  lower  margin  of  which  it  was  continued  imtil  the  sternum 
was  reached.    Some  of  the   terminal  filaments  of  the  nerve 
corresponding  to  the  second  intercostal  space  passed  upwards 
over  the  second  costal  cartilage,  and  supplied  also  part  of  the 
skin  over  the  first  intercostal  space.     In  each  of  the  intercostal 
spaces,  when  these  abnormal  anterior  cutaneous  nerves  were 
present,  no  other  representative  of  an  anterior  cutaneous  branch 
was  found,  although  carefully  looked  for ;  but  the  whole  inteiy 
costal  nerve,  after  the  lai^e  lateral  branch  was  given  off,  was 
distributed  to  the  muscles  of    the  thoracic  walL    We   may 
therefore  assume   that,  in   the  case  of  the  second,  third,  and 
fourth  intercostal  nerves  on  both  sides  of  this  subject,  all  the 
cutaneous  fibres  were  given  off  in  a  common  trunk  at  the  lateral 
line  of  the  body. 

I  have  been  unable  to  find  any  description  of  such  abnormal 
distribution  of  the  nervus  dorsalis  scapulae,  or  of  the  intercostal 
nerves,  in  the  text-books  of  Schwalbe,  Krause,  or  Quain. 


ABNORMAL  ANTERIOR  ABDOMINAL  VEIN  IN  A 
FROG.  By  A.  H.  R.  Buller,  Zoological  Laboratory, 
Mason  College,  Birmingham. 

While  dissecting  a  Frog,  I  had  the  good  fortune  to  meet  with  a 
striking  deviation  from  the  normal  with  regard  to  a  part  of  the 
vascular  system.  As  I  have  been  unable  to  find  any  references 
to  a  similar  case,  it  woidd  seem  that  the  abnormality,  if  not  now 
observed  for  the  first  time,  is  of  very  rare  occurrence.  In  its 
possible  bearing  on  Amphibian  ancestors,  it  seems  to  me  to  be  of 
sufficient  interest  and  importance  to  merit  a  brief  description. 
The  Frog  in  question,  obtained  last  May,  was  apparently  almost 
adult,  measuring  from  snout  to  anus  2\  inches,  and  in  sex  was 
a  female  with  small  ovaries. 

The  anterior  abdominal  vein  had  its  origin  from  the  pelvic 
veins  in  the  usual  way,  and  from  thence  extended  in  its  normal 
position  in  the  medio-ventral  line  of  the  abdominal  wall  as  far 
as  the  liver.  Here,  instead  of  joining  the  hepatico-portal  vein, 
it  curved  to  the  right,  and  poured  its  blood  into  the  right 
siiperior  vena  cava  at  the  point  where  that  vein  was  formed,  in 
the  usual  fashion,  by  the  union  of  the  external  jugular,  the  inno- 
minate, and  the  subclavian  veins.  There  was,  however,  a  branch 
passing  from  the  anterior  abdominal  vein  to  the  Hver,  but  this 
was  quite  small  compared  with  the  large  vein  which  joined  the 
right  superior  vena  cava  in  the  way  described  above. 

The  explanation  of  this  singular  abnormality  must  be  looked 
for  in  the  embryonic  development  of  the  anterior  abdominal 
vein.    Marshall,  in  his  Vertebrate  Ernbryology  (p.  184),  gives  the 
following  account  of  the  origin  of  the  vein,  which  I  venture  to 
quote  m  extenso: — "The  anterior  abdominal  vein  is  at  first 
paired,  and  is  in  connection,  not  with  the  liver,  but  the  heart. 
The  pair  of  vessels  appear  first  in  the  ventral  body  wall,  extend- 
ing backwards  a  short  distance  from  the  sinus  venosus;  they 
soon  extend  further  backwards,  and  acquire  communications  with 
tfae  veins  of  the  hind  legs  and  of  the  bladder.    At  a  later  stage 
tlie  two  anterior  abdominal  veins  unite  at  their  hinder  ends,  in 
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front  of  the  bladder,  while  further  forwards  the  vein  of  the  ri^ht 
side  disappears,  the  left  one  alone  persisting}  Later  still,  the 
anterior  abdominal  vein  loses  its  direct  communication  with  the 
sinus  venosus,  and  acquires  a  secondary  one  with  the  hepatico- 
portal  veins,  or  afferent  veins  of  the  liver."  It  may  be  added 
that  the  account  given  by  Marshall  in  the  case  of  the  common 
Frog  (Bana  temporaria)  is  practically  identical  with  that  given 
by  Goette  for  Bomiinator  ignetcs  {Bntvnck.  der  Unke,  pp.  765, 
766). 

The  obvious  explanation  of  the  abnormal  vein  in  my  Frog 
is,  that  while  the  posterior  portions  of  the  two  embryonic 
anterior  abdominal  veins  have  united  to  form  the  adult  mesial 
trunk,  and  the  anterior  or  cardiac  portion  of  the  left  vein  has 
atrophied,  the  right  has  retained  its  embryonic  connection  with 
the  sinus  venosus,  through  its  union  with  the  superior  vena  cava 
of  the  right  side. 

It  is  interesting  to  compare  the  abdominal  vein  of  my  Frog 
with  that  of  the  Australian  Dipnoid,  Geratodvs  fosteri.    Accord- 
ing to  Baldwin  Spencer,^  there  exists  in  this  fish  "  veins  which 
may  in  all  probability  be  rightly  regarded  as  forming  an  anterior 
abdominal  system  comparable  to  that  obtaining  in  Amphibia ; 
thoi^h  at  the  same  time  there  are  considerable  differences 
between  the  two "  (/.a,  p.  20).    He  describes  a  mesial  anterior 
abdominal  vein,  formed  posteriorly  by  the  union  of  two  pelvic 
veins,  and  continued  forwards  in  the  median  line  of  the  abdo- 
minal wall  towards  the  heart.     On  approaching  that  organ  the 
vein  curves  to  the  right,  and  opens  into  the  right  side  of  the 
sinus  venosus,  close  to  the  junction  of  the  right  superior  vena 
cava  with  that  cavity.    It  is  obvious,  therefore,  that  the  abnormal 
vein  in  the  Frog  is  essentially  similar  to  the  normal  anterior 
abdominal  vein  of  the  Dipnoid.     In  fact,  the  only  point  in 
which  the  Frog  differs  from  Ceratodvs  is,  that  in  the  latter  no 
secondary  connection  with  the  liver  exists,  or,  at  all  events,  has 
not  yet  been  discovered,  whereas,  in  the  former,  such  a    con- 
nection  by  means  of   a  hepatic  branch  is  present     Conse- 
quently in  this  respect  the  Frog  represents  a  stage  in  advance 

*  The  Ualics  are  mine. 

'  C(miiHJbuti(ms  to  our  Knowledge  of  CeraCodw,    Part  I. — ^Tbe  Blood  Vessels. 
(Maoleay  Memorial  Volume.) 
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of  Oeratodus,  We  are  entitled,  therefore,  I  think,  to  conclude 
that,  with  regard  to  the  anterior  abdominal  vein  of  the  Frog,  we 
have  here  a  case  of  reversion  to  an  ancestral  stage,  slightly  in 
advance  of  that  reached  by  Ceratodm^,  and  therefore  a  case 
which,  from  its  transitional  character,  tends  to  some  extent  to 
bridge  over  the  gap  between  the  Dipnoid  and  the  normal 
Amphibia. 

There  is,  however,  one  feature  which  still  remains  unex- 
plained. In  the  abnormal  Frog  the  right  anterior  abnormal 
vein  has  persisted^  while  in  the  ordinary  course  of  embryological 
development  of  Sana,  the  right  always  disappears  before  the 
left  If  we  interpret  these  embryological  facts  in  the  light  of 
the  Becapitulation  Theory,  we  might  venture  to  do  so  in  this 
way.    The  primitive  ancestors  of  the  Frog  originally  had  two 
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distinct  anterior  abdominal  veins.  In  the  course  of  evolution 
these  veins  gradually  united  behind  so  as  to  form  a  mesial  vein, 
remaLoing,  however,  distinct  in  front,  where  they  were  connected 
iwrith  the  sinus  venosus.  Later  on,  the  right  vein  gradually 
disappeared  while  the  left  persisted.  Later  still,  the  remaining 
left  anterior  abdominal  vein  gradually  developed  a  (Secondary 
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connection  with  the  liver  and  the  hepatico-portal  circulation. 
This  connection  was  gradually  enlarged  at  the  expense  of  the 
direct  connection  of  the  vein  with  the  heart,  until  at  last 
the  latter  atrophied  altogether,  the  final  stage  being  repre- 
sented by  the  normal  anterior  abdominal  vein  of  existing  Frogs. 
It  will  therefore  be  seen  that  at  no  time,  according  to  the 
Becapitulation  Theory,  was  there  a  stage  in  the  evolution  of 
the  system  of  the  anterior  abdominal  veins  in  which  the  right 
vein  persisted  without  the  left.  On  this  point  the  abnormal 
case  seems  to  be  at  variance  with  this  theory  as  ordinarily 
understood. 

In  all  other  features  the  Frog  appeared  to  be  perfectly  normal 
The  diagram,  p.  213,  represents  a  ventral  view  showing  that 
part  of  the  venous  system  to  which  reference  has  been  made. 
I  have  endeavoured  to  make  the  relative  size  of  the  normal  to 
the  abnormal  portions  of  the  anterior  abdominal  vein  as  accu- 
rate as  possible. 
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THE  BILE-SALTS  (GLYCO-  AND  TAUEO-CHOLATE  OF 
SODA)  m  THEIE  EELATION  TO  THE  SECEETION 
OF  UEEA,  &c.  By  G.  H.  Edington,  M.B.  Glasgow. 
(Platb  VL)  1 

The  following  observations  are  the  result  of  a  research  under- 
taken at  the  suggestion  of  Dr  W.  J.  Fleming,  Surgeon  to  the 
Glasgow  Eoyal  Infirmary,  from  a  patient  in  whose  wards  the 
material  was  obtained. 

The  investigation  wa^  carried  out  in  the  Physiological  Labora- 
tory of  the  University  of  Glasgow,  by  the  kind  permission  of 
Professor  M'Kendrick,  and  was  determined  on  in  view  of  the 
small  number  of  observations  made  during  life  on  the  com- 
position of  human  bile. 

It  was  hoped  to  have  made  analyses  over  an  extended 
period ;  but  from  various  causes — partly  the  delay  in  taking  up 
the  inquiry,  and  also  the  patient's  anxiety  to  have  the  fistula 
closed — these  did  not  exceed  thirty  in  number.  Even  with  this 
limited  evidence,  there  seems  to  be  shown,  what  was  made  the 
chief  point  in  the  inquiry,  viz. : — a  relation  between  the  excre- 
tion of  the  Salts  of  the  Bile-acids  (Glycocholate  and  Taurocholate 
of  Soda)  and  that  of  Urea. 

I  wish  here  to  express  my  sincere  thanks  to  Dr  Fleming  for 
the  opportunities  placed  at  my  disposal  in  his  wards,  and  for  the 
assistance  he  so  freely  rendered  me  in  every  way ;  and  I  have 
also  to  thank  Professor  M*Kendrick  for  his  kind  permission 
to  work  in  the  Physiological  Laboratory,  and  for  the  many 
practical  hints  he  gave  me  while  conducting  the  experiments. 

This  paper  is  arranged  under  the  following  headings : — 

I.    Narrative    of    Case.       11.    Limitation    of    the    Inquiry. 

III.  Methods.   IV.  Detailed  Statement.  V.  General  Conclusions. 

VL    Comparison  with  other  Observers.     Charts,  and   Tabular 

Statement.    VII.  Eeferences. 

'   This  paper  was  presented  to  the  Uniyersity  of  Glasgow  as  a  Thesis  for  the 
deg^roe  of  M.D. 
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I.  Narrative  of  the  Case. 

Mrs  M'C ,  aet.  53,  Housewife,  admitted  to  the  Glasgow 

Eoyal  Infirmary  on  the  26th  April  1895,  complaining  of  very 
severe  pain  in  the  right  hypochondriac  region,  of  2  days'  duration. 
She  had  experienced  for  many  years  back  very  poor  appetite, 
but,  so  far  as  could  be  ascertained,  had  never  had  at  any  time 
anything  of  the  nature  of  dyspepsia.  She  was  habitually  consti- 
pated, but  had  otherwise  enjoyed  good  healtL 

Two  days  before  admission  she  awoke  at  3  a.m.  with  a  severe 
pain  in  the  right  hypochondriac  region.  This  was  accompanied 
by  vomiting  of  "  bilious  "  material.  Poultices  were  applied  over 
seat  of  pain,  but  without  avail,  and  she  was  sent  into  hospital. 
On  admission  she  stated  that  her  bowels  had  not  moved  for  three 
days  previously,  although  no  fewer  than  ten  enemata  had  been 
administered  during  that  time.  On  admission,  there  was  great 
pain  complained  of  in  right  hypochondrium,  the  skin  over  which 
had  been  reddened  by  poulticing;  after  admission  she  had 
occasional  bilious  vomiting.  A  distinct  tumour  could  be  felt  in 
the  Une  of  the  gall-bladder,  but  somewhat  lower  down  than 
usual. 

The  abdomen  was  opened  in  the  right  linea  semilunaris,  and  a 
freely-movable  sausage-shaped  tumour,  resembling  a  kidney,  was 
pulled  into  the  wound  and  fixed  with  a  sutura    A  quantity  of 
mucus-like  fluid  was  drawn  off  from  it  by  a  trocar,  after  which 
the  tumour  was  found  to  consist  of  a  collection  of  stones  in  the 
sac  of  the  gall-bladder.    The  bowel,  on  being  examined,  was  not 
found  to  contain  any  of  these  concretions.    After  completing 
the  suture  of  the  bladder  to  the  wound,  a  dressing  was  applied. 
Two  days  later,  the  sac  was  freely  opened  by  iucision,  the  gall- 
stones extracted,  and  a  drainage-tube  inserted  through  the  open- 
ing.    On  the  day  following,  there  was  a  copious  discharge  of 
bile  from  the  wound,  while  a  large  fsecal  evacuation  followed 
the  administration  of  an  enema  of  soap  and  water,  castor  oil 
and  turpentine. 

As  regards  the  progress  of  the  case,  the  woman  continued  in 
good  health ;  no  jaundice  noted  at  any  time ;  temperature 
normal ;  appetite  somewhat  poor  and  bowels  constipated,  requir- 
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ing  exhibition  of  medicine  regularly.  It  was  necessary  'to 
change  the  dressings  on  the  fistula  frequently,  on  account  of 
their  being  saturated  with  discharge  of  bile.  The  faeces,  however, 
were  always  normally  coloured,  although  somewhat  offensive. 
On  one  occasion  the  fistula  was  tightly  plugged  with  gauze,  and 
this  was  left  in  for  twenty-four  hours  at  least,  without  any 
accumulation  of  bile  having  taken  place  in  the  gall-bladder. 

The  patency  of  the  ducts  having  been  established  beyond 
doubt,  it  was  decided  to  close  the  fistula.  This  was  done  by 
inverting  the  rawed  edges  of  gall-bladder  and  stitching  the 
freshened  skin-margin  over  that  viscus.  The  wound  healed  by 
first  intention  and  the  patient  went  out  well.  A  month  or  so 
later  she  reported  herself  as  having  kept  well  since  dismissal. 

II.  Limitatixm  of  the  Inquiry, 

Towards  the  end  of  May,  Dr  Fleming  suggested  to  me  the 
advisability  of    utilising    the  opportunity  thus    presented  of 
analysing  fresh  human  bile,  and  on  the  6th  of  June  the  collect- 
ing of  the  discharge  from  the  fistula  was  commenced     It  was 
at  first  intended  to  make  a  complete  analysis  of  the  secretion, 
but  it  was  found  that  this  would  involve  more  time  than  was 
available,  and    on  talking    the   matter    over  with    Professor 
M'Kendrick  it  was  finally  resolved  to  limit  the  inquiry  to  the 
determination  of  the  bile-salts  (Glycocholate  and  Taurocholate  of 
Soda),  the  influence,  if  any,  on  the  quantity  secreted,  of  diet, 
time  during  the  twenty-four  hours,  and  temperature,  and  also 
as  to  any  relation  between  the  excretion  of  the  salts  and  the 
amount  of  the  urea  excreted  in  the  urine. 

It  was  also  determined  to  note  the  quantity  of  bile  collected 
four-hourly,  it  being  kept  fully  in  mind,  however,  that  there  was 
a  free  vent  into  the  intestine  which  would  hinder  any  conclusions 
being  drawn  as  to  the  total  quantity  excreted  in  the  twenty-four 
houra 

III.  Methods, 

An  attempt  was  made  to  collect  the  &tfe  in  the  way  described  by 
I7oel  Faton  (^),  by  means  of  an  india-rubber  tube  connected  with 
a  Woulf 's  bottle ;  but  this  not  proving  successful,  a  modification 
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was  tried,  by  means  of  a  balloon  transfixed  by  the  end  of  the  tube, 
the  former  to  be  inflated  when  half  way  in  the  fistula,  so  -as  to 
assume  an  hour-glass  shape.  This  was  not  found  to  be  practicable, 
and  finally  the  end  of  the  tube  was  made  bulbous  by  introducing 
a  piece  of  glass  tubing  within  its  lumen.  It  was  then  passed  into 
the  fistula  for  a  distance  of  three  or  four  inches,  and  the  tube 
retained  in  position  by  means  of  gauze  strips  dipped  in  collodion 
and  made  fast  to  skin  of  abdomen.  Escape  of  bile  alongside  the 
tube  was  thus  obviated.  Silk  threads  were  also  used  after  the 
manner  of  shrouds  in  rigging.  It  was  not  found  that  the 
plugging  action  of  the  collodionised  gauze  was  perfect,  and  it  had 
to  be  renewed  on  several  occasions. 

The  quantity  collected  was  removed  from  the  Woulf 's  bottle 
every  four  hours  into  a  stoppered  bottle.  It  was  afterwards 
measured,  and  the  estimation  of  the  bile-salts  made  from  sample 
from  total  daily  (8  a.m.-8  p.m.)  and  total  n^htly  (8  p.m.-8  a.m.) 
specimena  The  physical  appearances,  colour,  &c.,  of  specimen 
were  also  noted.  The  reaction  and  specific  gravity  were  taken 
irregularly,  the  latter  being  obtained  by  means  of  the  common 
mercury-bulb  urinometer. 

The  process  adopted  for  the  estimation  of  the  bile-salts  was  as 
follows,  and  was  taken  from  Sheridan  Lea  (^) : — 

A  quantity  of  fresh  bile,  generally  25  cc,  was  mixed  with 
silver  sand  and  evaporated  on  a  sand-bath  to  a  pulverisable  mass. 
This  was  then  extracted  in  a  flask  with  strong  boiling  alcohol 
(rectified  spirit),  and  the  resulting  green  solution  was  filtered, 
decolorised  with  animal  charcoal,  and  concentrated  to  a  syrup. 
The  syrup  was  then  dissolved  in  a  minimal  quantity  of  absolute 
alcohol  (if  necessary,  warmed),  and  precipitated  with  an  excess 
of  ether.  The  precipitate,  consisting  of  glycocholate  and  tauro- 
cholate  of  soda,  was  collected  on  a  weighed  filter-paper,  dried 
carefully,  and  weighed.  No  attempt  was  made  to  separate  the 
one  salt  from  the  other. 

The  UriTie  was  collected  and  measured  (1)  from  8  a.m.— 8  p-m. 
and  (2)  from  8  p.m.-8  a.m.  In  each  of  these  twelve-hourly 
quantities  the  specific  gravity  was  observed  and  noted,  and  from 
a  sample  of  total  daily  and  total  nightly  quantity,  estimation  of 
urea  was  made  by  means  of  Gerrard's  ureameter.  The  sex  of 
the  patient  made  it  sometimes  impracticable  to  obtain  the  whole 
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quantity  of  urine  passed.  In  these  cases  the  percentage  was 
estimated,  but  of  course  no  conclusion  could  be  drawn  as  to  the 
quantity  of  urea  excreted. 

An  account  of  diet,  &c.,  was  kept  by  the  nurses  in  attendance 
on  the  patient 

IV.  Detailed  Statement. 

NoU.—The  **  day  "  of  24  honn  dates  from  8  a.h.  of  the  day  preoeding. 
Jtme  6th,    Quantity  of  bile  collected : — 


8a.itt.  -12  noon    17     cc- 
12  noon  -  4  p.m.     45      „ 
4p.nL  -8  p.m.     26*5  „ — 88'5o.o. 


8  p.m.  -12  mdnt  19 

12  mdnt-  4  a.m.     15 

4  a.m.    -  8  a.m.    44 


C.C. 


—78  C.C 


The  colour  throughout  was  greenish.     Urines  8  a.m.-8  p.m.,  15  oz.,  sp.  gr.  1014, 
pale  yellow.    From  8  p.m.-3  a.m.,  6  oz.,  sp.  gr.  1020. 


Diet. 


8  a.m.  cocoa,  9  oz.,  {  slice  bread, 
fish. 
10.15  a.m.  whisky,  )  oz.,  water  8  oz. 
1  p.m.  soup,  12  oz.,  mince  4  oz. 
8  p.m.  soda  water,  4  oz. 
4  p.m.  tea,  12  oz.,  1  slice  bread. 

She  had  at  2  a,m.,  castor  oil,  J  oz.,  and  potass  water,  1  oz. 
The  pAtient  was  yeiy  much  excited  about  the  proceedings,  and  complained  of 
not  having  slept  at  all  during  the  night     Castor  oil  was  followed  by  a  large 


8  p.m.  soda  water,  4  oz. 

9  p.m.  whisky,  1  oz.,  water  S  oz. 
4  a.m.  cocoa  10  oz.,  i  slice  bread 

and  butter. 
6'80  a.m.  whisky  1  oz.,  water  1  oz. 


8  a.m.    -  12  noon. 
12  noon    -   4  p.m. 

4  p.m«    —   8  p.m. 

8  p.m.    -  12  mdnt 
12  mdnt  -   4  a.m. 

4  a.m.    -   8  a.m. 

JtMe7ihn 
48     CO. 

17      „ 
55      „ 
66      „ 
86*5   „ 

Quantity  of  £il 
ColouTf 

p.m.  14  oz.,  sp. 
a.m.  12  oz.,  sp 

6. 

greenish  yellow, 
lighter. 

green  and  hazy, 
greenish  yellow,  clear. 

281-5  cc 

Urine, — 8  a.m.  -  8 
8  p.m.  —  8 

gr.  1024. 
.  gr.  1022. 

Dietf  ordinary. 


8  a.m.  -  12  noon 

22  noon  -   4  p.m. 

4  p.m.  —   8  p.m. 

8  p.m.  -  12  mdnt 
12  mdnt  -   4  a.m. 
4  a.m.  —   8  a«m. 


26  oz. 


22 
88 
22 

68 

18-5 

50 


cc. 

>9 


Colour,  yellow,  greenish  tint 
paler  yellow 


June  Sth.     Q;uanlity  <f  Bile, 

*0450  grm. 

Salte  in  25  cc. 

-  -1800  grm. 

per  100  CO. 

d.rker.g«en»h  hazy  f  J^^^l^- 
lighter  colour,  hazy 
Tery  dark  green 


II 


II 


If 


1 


Salts  in  25  cc. 
'0644  grm. 
per  100  cc 
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Urine.^S  a.m.  -  8  p.m.  18  oz.  sp.  gr.  1024  Urea  8'6  % 
8  p.m.  -  8  a.m.  10  oz.  sp.  gr.  1025    „     8'5 


28  oz. 


Diet,  ordinary. 

Patient  says  she  now  feels  quite  comfortable  as  regards  tubing,  ^c. 


June  9th, 

8  a.m.    -  12  noon 

12  noon   -    4  p.m. 

4  p.m.    -    8  p.m. 

49       C.C. 
42        „ 
49        „ 

8  p.m.    -  12  mdnt. 
12  mdnt  -    4  a.m. 
4  a.m.    —    8  a.m. 

46-5     „ 
42        „ 
43-76  „ 

27l"26c.c. 

Quantity  of  BUe, 

faint  greenish  tint 

>t  »» 

very  faint  green 

§  olden  yellow 
arker     „     mucus 
still  darker,  mucus 


•0412  grm. 

Salts  in  25  c.c 

=  1648  grm. 

per  100  cc. 

.0750  grm. 

Salts  in  25  cc. 

=  'SOOO  grm. 

per  100  CO. 


Urine. — 8  a.  m. -8  p.m.  9  oz.  sp.  gr.  1030  clear  yellow,  deposit  of  urates  Urea  2*8  % 
8  p.m.-8  a.m.  8  oz.  sp.  gr.  1015  ,,  mucous  sediment  „    1*6 

Dietf  ordinary. 


June  10th.    Quantity  of  BUe. 


8  a.m« 

12  noon 

4  p.m. 

8  p.m. 

12  mdnt 

4  a.m. 


12  noon 
4  p.m. 
8  p.m. 

12  mdnt. 
4  a.m. 
8  a.m. 


51*5  c.c. 

51 

65 


55 

20-6 

42-5 


ti 
II 


yellow,  greenish  tint 

lighter 

greenish  and  opaque 

ellowish  green 
ight  yellow 
clearer,  yellow 


'1216  grm. 
Salts  in  50  cc 

=  •2432  grm. 

per  100  cc 

•1792  grm. 
Saits  in  50  cc. 

=  -3584  grm. 

per  100  CO. 


285    c.c. 


Uri7ie.—S  a.m.  -  8  p.m.  15  oz.  sp.  gr.  1020  Urea  8*4  % 
8  p.m.  -  8  a.m.  15  oz.  sp.  gr.  1015    ,.     1*7 


If 


Diet,  ordinary.    Bowels  moved  after  exhibition  of  CaseanL     Motion  dark,  aad 
apparently  normal. 


June  llth»    Quantity  of  Bile, 


8  a.m. 

12  noon 

4  p.m. 


12  noon 
4  p.m. 
8  p.m. 


40 
66 
86 


cc. 

II 
II 


greenish  golden 
darker,  hazy 
golden  greenish 


8  p.m.    -  12  mdnt 
12  mdnt  -    4  a.m. 
4  a.m.    -    8  a.m. 


42      „ 

7-5 
40 


II 


II 


11 


hazy 
clear  yellow 
dark  greenish,  hazy 


281-5  cc 


•2441  gnu. 
Salts  in.  50  cc 

=  -4882  frrm. 

per  100  cc 

•0292  grm. 
Salts  in  60  cc 
=  •0684  grm. 

per  100  cc 


Urine.'^S  a.m.-8  p.m.  9  oz.,  sp.  gr.  1022  some  lost  (during  purgation)  Urea  2*5  % 
8  p.m.-8a.m.  8  oz.,  sp.  gr.  1015       „  „  \'j 


Diet,  ordinary.     Bowels  still  moving  after  exhibition  of  Casoara.     Soft,  daiiL' 
coloured  motion,  having  bad  odour. 
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JwM  12^A.     QuemtUy  of  BiU. 


8  a.m. 

12  noon 

4  p.m. 


12  noon 
4  p.m. 
8  p.m. 


8  p.m.    -  12  mdnt 
12  mdnt-    4  a.m. 
4  a.m.    —    8  a.m. 


66 
22 

42 

11- 

86 

42 


C.C. 

it 


f> 


orange  hazy 
clear  golden 
golden,  slightly  hazy 

greenish,  hazy 

I,        hazier 
still  darker  green 


r     -0617  grm. 
J  Salts  in  60  cc. 
j     =  1034  grm. 
L     per  100  CO. 

'0299  grm. 
Salts  in  60  c.o. 

=  '0698  grm. 

per  100  cc. 


217'6  cc. 


Urine. — 8  a.m.  -  8  p.m.    9  oz.,  sp.  gr.  1020  Urta  2*6  % 
8  p.m,  -  8  a.m.  12  oz.,  sp.  gr.  1012    „     1*1 

Did,  ordinary,  bat  it  is  to  be  altered  to-morrow,  substituting,  at  dinner, 
farinaceous  food  for  flesh-meat.  Since  yesterday  the  following  has  been  taken, 
up  to  8  a.  m.  this  morning : — 

8  a.m.    Cocoa,  14  oz.,  1  slice  of  toast,  fish. 
12      noon.     Soda  water,  2  oz. 

1  p.m.    Soup,  14  oz.,  piece  of  chicken,  \  slice  bread. 

2  p.m.     Soda  water,  2  oz. 

4.80  p.m.    Tea,  8  oz.,  1  slice  bread. 

9  p.m.    Whisky,  1  oz.,  water,  2  oz.,  and  biscuit 
4        a.m.     Cocoa,  12  oz.,  1  slice  bread. 

6.80  a.m.    Whisky,  1  oz.,  water,  1  oz. 


t/ime  13^. 

Quantity  of  Bile, 

8  a.m.    -  12  noon 

12  noon    -    4  p.m. 

4  p.m.    -    8  p.m. 

21  cc 
28  „ 
66  „ 

greenish  hazy 
golden,  clearer 
slightly  greenish,  hazy 

8  p.m.    -  12  mdnt 
12  mdnt  -    4  a.m. 
4  A.m.    —   8  a,m. 

67  „ 

41  .. 
46  „ 

dark  greenish 

•0366  grm. 
Salts  in  60  cc. 

=  0730  grm. 

per  100  cc 

•1410  grm. 
Salts  in  60  cc. 

=  ^2820  grm. 

per  100  cc 


267  cc. 


Urine, — 8  a.m.  -  8  p.m.  22    oz.,  sp.  gr.  1014  Urea  1*1  % 

8  p.m.  -  8  a.m.  26^  oz.,  sp.  gr.  1012     „      '8       Deposit  of  urates. 


Viet :  The  following  represents  dietary  since  8  a.m.  yesterday : — 


8  a.m.  Cocoa,  14  oz.,  1  slice  bread,  fish 

9  a.m.  Water,  2  oz. 

1  p.m.  Rice  and  milkf  14  oz. 


Jv/ne  lith. 

S  a-m. 
12  noon 
4  p.m. 

-  12  noon. 

-  4  p.m. 

-  8  p.m. 

41'6cc 
81-6  „ 

16      „ 

8  p.noL 
2  mdnt 
4  a-m. 

- 12  mdnt 

-  4  a.m. 

-  8  a.m. 

68      „ 
54      ., 
46      „ 

9  p.m.  Whisky,  1  oz.,  water,  2  oz., biscuit. 
4  a.m.  Cocoa,  12  oz.,  toast,  4  slice. 
6  a.m.  Whisky,  1  oz.,  water,  1  oz. 


'2696  grm. 
Salts  in  26  cc 
-1-0780  grm. 

per  100  cc 

•3072  grm. 
ScUts  in  26  cc 
-1-2288  grm. 

per  100  cc. 


Uy  of  Bile, 

greenish  yellow,  hazy 
clear  golden  yellow 


i> 


}> 


Sale  green,  hazy 
arker  green,  hazy 
still  darker 


>i 


241    cc 

C/Wn^.— 8  a.m.  -  8  p.m.  23  oz.,  sp.  gr.  1012  Urea    '6  % 
8  p.m.  -  8  a.m.    8  oz.,       ,,     1012  „       1*8 

J^iety  as  yesterday. 
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8  a. in. 

- 12  noon. 

84c.( 

12  noon 

-    4  p.m. 

22., 

4  p.m. 

-    8  p.m. 

28  „ 

8  p.m. 

-  12  mdnt 

42  „ 

12  mdnt 

-  4  a.m. 

n  .. 

4  a.m. 

-  8  a.m. 

80  „ 

JwM  \Uh.     QuanUiy  of  Bile, 

84  C.C.  greenish  orange,  slight  haze 

ft 
clearer 


11 

ti 


It 
II 


II        II     i"«y 

greener,  hazy 

Greener  atilL     Very  hazy 


*1684  grm. 
SaUs  in  S^  cc 

—  '6786  grm. 
per  100  cc. 

'2296  grm. 
SaUs  in  25  cc. 

—  -9184  grm. 
per  100  cc. 


167  cc 

Urine. — 8  a.m.  -  8  p.m.  20  oz.,  sp.  gr.  1016  Urea  1*7  % 

8  p.m.  ~  8  a.m.    8  oz.,  sp.  gr.  1012.     Some  lost  during  purgation. 

Diet,  as  yesterday.    At  2  a.m.,  1  oz.  castor  oil  administered. 


8  a.m. 

12  noon 

4  p.m. 

8  p.m. 

12  mdnt. 

4  a.m. 


12  noon 
4  p.m. 
8  p.m. 

12  mdnt. 
4  a.m. 
8  a.m. 


II 
i> 


It 


June  IQth,     Quantity  of  Bile. 

greenish  tint,  hazy 

orange,  hazy 


yellow,  hazy 
light  yellow,  hazy 
orange,  hazy 


17*5  cc 

17-6 

40 


8-5  „ 
88-25  „ 
40 


It 


*8780  grm. 
Saits  in  25  cc. 

1*5120  grm. 

per  100  cc 

-0250  grm. 

SaUa  in  25  cc 

—  -1000  grm. 

per  100  cc 


151-75  cc 

Urine.— 'S  a.m.  -  8  p.m.  12  oz.,  sp.  gr.  1022  Urea  1*4  % 
8  p.m.  -  8  a.m.  15  oz.,  sp.  gr.  1018     „     2*5 

Diet,  same  as  yesterday. 


June  17th. 

8  a.m. 

~  12  noon 

21  CO. 

12  noon 

-    4  p.m. 

27    „ 

4  p.m. 

-    8  p.m. 

82    „ 

8  p.m. 

-  12  mdnt. 

8    „ 

12  mdnt. 

-    4  a.m. 

20    „ 

4  a.m. 

-    8  a.m. 

48    „ 

Quantity  of  Bile. 

clear  golden 
golden,  slight  haze 

„      clearer 

„      hazy 
bright,  orange  hazy 
greenish 


It 


Bile  thrown  out 
by  mistake 
before  estima- 
tion made. 


151  cc 

Urine, — 8  a.m.  -  8  p.m.  ?  oz.,  sp.  gr.  1025  orates  deposited  Urea  2*3  % 
8  p.m.  -  8  a.m.  8  oz.,       ,,      1022 

Dietf  resumption  of  ordinary  mixed  ;  mince  and  soup  to  dinner. 


II 


8-3 


Jwne  \%th.     Qtumtity  of  Bile. 


8  a.m. 

12  noon 

4  p.m. 

8  p.m. 

12  mdnt. 

4  a.m. 


12  noon 
4  p.m. 
8  p.m. 

12  mdnt. 
4  a.m. 
8  a.m. 


80  cc 

56 

21 


It 


II 


9  cc 
7 
16 


golden  greenish  hazy 
darker  green  ,, 

glear  golden  yellow 

golden  hazy 


It 
It 


It 


It 


tt 
It 


•1722  grm. 

SaUs  in  25  cc. 

-■  *6888  grm. 

per  lOO  cc. 

•0956  grm. 

Salts  in  25  cc 

=  -8824  grm. 

per  lOO  cc 


188  cc 

Urine.^S  a.m.  -  8  p.m.  14*6  oz.,  sp.  gr.  1024  urates  deposited  Urea  S'S  y 
8  p.m. -8  a.m.  12     oz.,       „      1021  ^  ^    ^ 

Diet,  ordinary  mixed. 


It 


2-2 
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8  a.ni. 

12  noon 

4  p.m. 

8  p.m. 

12  mdnt 

4  a.m. 


12  noon 
4  p.m. 
8  p.m. 

12  mdnt. 
4  a.m. 
8  a.m. 


JWM  19(A. 

2S*    C.C. 

46*5 

17-6 


Qucmtity  of  Bile. 

orange,  hazy 
„      clearer 


If 
If 


II 


41 '6 
46*5 
41 


fi 
>f 
If 


216    C.C. 


■'2078  gnn. 
Salts  in  25  c.c. 
=  '8812  grm. 
per  100  cc. 

„     becoming  hazy  ^  „  J/^.^^  grm. 
A^IL  ».w.^..   ^-^^^.^^  Salts  in  2o  c.c. 

dark  green,  opaque       j    = -6608  grm. 

L     per  100  cc. 


ff 


f  f 


fi 


C/rine. — 8  a.m. 
8  p.m. 

Diet,  ordinary  mixed. 


-  8  p.m.  12  oz.,  sp.  gr.  1024  Urea  1*8  % 

-  8  a.m.  46  oz.,       „      1011     ..       '6 


II 


A  saline  aperient  consisting  of  Sulphates  of  Ma^eaia  (3iii)  and  Soda  (S^) 
given  at  4  a.m. ,  but  vomited  at  4.10  a.m.  On  oar  visiting  the  patient  at  9  o'clock 
this  morning,  she  is  found  greatly  depressed  and  desiring  to  go  home  ;  she  says 
t);at  salts  have  "never  agr^  with  her."  In  bile-specimens  taken  during  the 
night  there  is  plentiful  mucus,  with  blood  corpuscles  entangled  in  it.  This  may 
have  come  about  from  the  mucous  membrane  of  the  gall-bladder  having  been 
iniured  by  tube  while  the  patient  was  vomiting.  No  action  of  the  bowels  having 
followed  the  saline,  5  grains  of  calomel  were  ordered  to  be  taken  to-night. 
Although  there  was  no  movement  of  bowels  after  the  salts,  she  complained  of 
great  thirst. 

Quaniiiy  of  Bile, 
ffreen   hazv  1       '2844  grm. 

golden,  slightly  hazy    V    -9876  grm. 

**  *'  )     per  100  cc 

Bright  golden,  clear  ^    a      .        i    . 

hazv  I  SP®<51'"«°  lo8t 

^  (during  analysis. 

If  / 


June  20th, 

8  a.m.    -  12  noon. 
12  noon    -    4  p.m. 
4  p.in.    —    8  p.m. 

18 "6  cc 
26      „ 
18-6  „ 

8  p.m.    -  12  mdnt. 
12  mdnt  -    4  a.m. 
4  a.m.     -    8  a.m. 

51      1, 
15-6  „ 
24      „ 

148*5  cc 

If 
If 


Urine, — 8  a.m.  -  8  p.m.,  24  oz.,  sp.  gr.  1020  Urea  1"6  % 

8  p.m.  -  8  a.m.    20  oz.,      „      1010     „      '6     Some  urine  lost 

Diet»  ordinary  mixed.  5  grains  of  Calomel  administered  at  10  p.m.  (last 
night).  Bowels  moved  4  times,  the  stools  being  natural  in  colour  and  not  so 
oAnsive  as  on  previous  octtasions.  Unfortunately  some  urine  lost,  preventing 
total  estimation  of  urea  being  made. 


June  2l8t,     Quantity  of  Bile, 


8  a.m.    -  12  noon. 

9    cc 

orange,  hazy 

12  noon    -    4  p.m. 

22      „ 

„       clear 

4  p.m.    -    8  p.m. 

15      „ 

II          >i 

8  p.m.    -  12  mdnt 

8-5  „ 

If          f  f 

12  mdnt-    4  a.m. 

5      „ 

f  i                 II 

4  a.iiL     —    8  a.m. 

11      ff 

f  f                ff 

70-6  cc 


'1768  grm.,  SaUs  in 

25  cc. 

=  •7072  grm.  per  100  cc. 

'1290  grm.,  ^o^  in 

12-5  cc 

:l*0820grm.perl00cc 


Urim, — 8  a.m.  -  8  p.m.  15     oz.,  sp.  gr.  1020  Urea  2*8 
8  p.m.  -  8  a.m.  16'5  oz.,  sp.  gr.  1012       „    1*1 

,  ordinary  mixed. 


If 
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JwM  22ncL     Quaniiiy  qf  Bile. 


8  a.m.    -  12  noon 

12  noon    -    4  p.m. 

4  p.m.    -    8  p.m. 

8  p.m.    -  12  mdnt. 
2  mdnt.  -    4  a.iii. 
4  a.m.    -    8  a.m. 


14  C.C. 

22 

81 


faint  greenish,  hazy 
yellowish,  clearer 


>i 


ft 


46 

8 
46 


I) 

tt 


clearer  still 
dark-golden,  clear 


it         t» 


tt 


'1484  grm.  SaUs  in 

25  CO. 

=  '6936  grm.  per 

100  CO. 

'1894  grm.  SaUs  in 

25  CO. 

=  7576  grm.  per 

100  C.C. 


167  cc. 


Urine,S  a.m.  -  8  p.m.  24     oz.,  sp.  gr.  1018  Urea  1'5  % 
8  p.m.  -  8  a.m.  18*5  oz.,      ..       1010     ..       '5 


»t 


Diet,  ordinary  mixed. 


June  23ri.     Quantity  qf  Bile, 


8  a.m. 

12  noon 

4  p.m« 

- 12  noon 

-  4  p.m. 

-  8  p.m. 

14  cc. 
21-5,, 
22     „ 

golden,  hazy 
paler 
>> 

8  p.m. 

12  mdnt. 

4  a.m. 

^12  mdnt. 

-  4  a.m. 

—  8  a.m. 

88     „ 

10     „ 
86     „ 

golden,  hazy 

9t                tt 

dark  greenisl 

141-6  cc 

'1600  grm. 

SaUs  in  25  cc 

=  'eOOO  grm. 

in  100  cc 

-2802  grm. 
Salts  in  25  cc 
=1-1208  grm. 

in  100  cc. 


Urine. — 8  a.m.  -  8  p.m.  24  oz.,  sp.  gr.  1016  Urea  '6 
8  p.m.  -  8  a.m.    9  oz.,  sp,  gr.  „     7 


Dietf  ordinary  mixed. 


V.  General  Conclusions. 


The  foUowing  points  present  themselves  for  consideration  and 
will  be  briefly  noted : — 

A,  Quantity  of  Bile. 

(a)  Secreted  in  24  hours.  (fi)  Relation  to  drugs. 

(3)  Relation  to  time  of  day.  (c)        „        „  quantity  of  urine. 

(-y)  Relation  to  food  {  .|;  ^^Tnre Tfood.     («        ,. 


„  temperature. 


B.  Colour  of  Bile. 
K  Bile-Salts. 


C.  Specific  Gravity.        D.  Beaction, 


(a)  Time  of  day,  or  night 
(/9)  Relation  to  diet. 
(7)        tt        tt  drugs. 


(8)  Relation  to  Urea. 

(c)       „        „  tempemtore. 


A.  (a).  Quxmtity  secreted  in  24  hov/rs. 

This  varies  within  wide  limits.    The  minimum  quantity  was 
collected  on  the  2l8t  June,  viz.  70*5  cc. ;  while  the  roaximum 
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occurred  on  the  10th  of  same  month,  viz.  285*5  c.c.  The  average 
daily  quantity  over  18  days  is  191*22  c.c. 

Bearing  in  mind  (p.  217)  that  there  was  reason  to  suppose  a 
free  escape  into  the  intestme,  the  above  figures  of  course  are  not 
indicative  of  the  total  secretioiL 

(13).  jRelcUion  to  ^Jumrly  period  of  24  hours  at  which  collected. 

The  greatest  quantity  collected  in  a  4-hourly  period  is  seen 
below,  for  the  different  days  : — 


Date. 

Quantity. 

4-Hourly  Period. 

June  6, 

45     cc. 

12  noon  -  4  p.m. 

»     7, 

66       , 

12  mdnt.-  4  a.m. 

„     8, 

63       , 

8  p.m.   -12  mdnt. 

»      9, 

49       , 

8  a.m.    -12  noon. 

„    10, 

65       , 

4  p.m.   —  8  p.m. 

M    11. 

66       , 

12  noon  -  4  p.m. 

.,    12, 

65       , 

8  a.m.   -12  noon. 

»    13, 

65       , 

4  p.m.   —  8  p.m. 

.,    14, 

54       , 

12  mdnt.-  4  a.m. 

»    16, 

42       , 

8  p.m.   -12  mdnt. 

,.    16, 

40       , 

'■{ 

4  p.m.  —  8  p.m. 
4  a.m.    -  8  a.m. 

„    17, 

43       , 

4  a.m.   -  8  a.m. 

„    18. 

55       , 

12  noon  -  4  p.m. 

„    19, 

46-5    , 

{ 

12  noon  -  4  p.m. 
12  mdut-  4  a.m. 

„    20, 

51       , 

8  p.m.   -12  mdnt. 

„   21, 

22       , 

12  noon  -  4  p.m. 

„   22, 

46       , 

:{ 

8  p.m.   -12  mdnt. 
4  a.m.    —  8  a.m. 

„    23, 

38       , 

8  p.m.  -12  mdnt. 

From  the  fignres  in  preceding  pages 
the    following  average  has  been 
arrived  at : — 
8  a.m.    - 12  noon 
12  noon   -   4  p.m. 
4  p.m.    —   8  p.m. 
8  p.m.    -12  mdnt. 
12  mdnt.-   4  a.m. 
4  a.m.    -   8  a.m. 


29*50  CO. 

83-50 

30-90 

36-02 

25-31 

37-62 


Average  in  24  hours  =  192 '85  c.c. 

Average  maximum  -   4-8  a.m. 
„      minimum  -12-4a.m. 


These  figures  show  the  maximum  quantity  excreted  during  a 
period  of  4  hours  to  be  far  from  constant  to  any  one  period  o! 
the  day.  We  have  the  daily  maximum  occurring  from  12  noon- 
4  p.m.  on  five  occasions,  and  for  a  similar  number  of  times  from 
8  p.m.-12  midnight.  On  three  occasions  each  the  maximum  is 
noted  as  occurring  at  the  following  periods :  12  midnt.-4  a.m., 
4  p.m.-8  p.m.,  and  4  a.m.-8  a.m. ;  while  from  8  a.m.-12  noon, 
'w^e  have  the  maximum  flow  on  two  occasions  only. 

In  addition,  it  is  found  that  on  one  occasion  the  maximum 
flow  occurred ;  (1)  from  4  p.m.-8  p.m.  and  4  a.m.-8  a.m.  on  the 
8»m.e  day;  (2)  on  another  at  12  noon-4  p.m.  and  12  midnt.- 
4:  a.m. ;  and  (3)  again  at  8  p.m.-12  midnt.  and  4  a.m.-8  a.m. 
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(y).  Sdatian  to  taking  of  food. 

(L)  Meal-hours:  jBreaJcfa8t,8sL.JiL  On  five  occasions  maximmn 
flow  occurred  from  12  noon-4  p.m.,  but  on  one  of  these  an  eq\ial 
flow  was  observed  from  12  midnt.-4  a.m.  Maximum  occurred 
twice  from  8  a.m.-12  noon. 

Dirmer,  1  p.m.    Again  maximum  noted  as  occurring  on  five  | 

occasions  from  12  noon-4  p.nL 

Tea,  4t  p.nL  Maximum  on  three  occasions  from  4  p.m.-8  p.m. ; 
but  on  one  of  these  there  was  an  equal  flow  from  4  a.m.-8  a  m. 
These  observations  do  not  bear  out  the  existence  of  a  relation- 
ship between  the  taking  of  food  and  the  secretion  of  bile.  See 
below,  explanation  oflered  at  end  of  (S.). 

(ii.)  Natv/re  of  food:  According  to  the  charts  Noa  1  and  3, 
there  seems  to  be  some  falling  off  when  reduced  diet  is  being 
taken.  This,  however,  is  not  at  all  marked  when  compared  with 
the  register  following  the  resumption  of  the  original  diet. 

{S).  Brvjgs, 

(l)  At  2  a.m.  on  6th  June,  Castor  Oil  \  oz.  taken.  From  12 
midnt.  to  4  a.m.  15  c.c.  bile  collected,  while  from  4-8  a.nL,  44  c.c 
and  from  8  a.m.-12  noon,  48  c.c. 

(ii.)  At  11  p.m.  on  11th  June,  Ca^scara  Sagrada  (liq.  Extr.  5i) 
administered.  For  each  period  of  the  24-hour8-day  the  quantity 
remained  between  40  and  50  c.c.  and  no  marked  effect  on  the 
quantity  seems  to  have  followed  the  exhibition  of  this  laxative. 

(iii.)  At  2  a.m.  on  the  15th,  Castor  Oil  1  oz.  administered.  For 
the  following  24  hours,  the  quantities  of  bile  seem  to  be  some- 
what below  the  usual,  keeping  for  the  most  part  under  40  cc., 
and  at  12  midnight  dropping  to  3*5  c.c. 

(iv.)  SaliTie  -4p«rw?i<  (Magnes.  Sulph.  3  iii  Sod.  Sulphat.  Jvi) 
given  at  4  a.m.  on  19th.  From  8  a.m.-8  p.m.  there  was  a 
decided  drop  in  the  quantity  collected.  At  12  midnight  it  had 
risen  to  50  c.c.  {Calomd  gr.  v  having  been  administered  at 
10  p-ul).  She  vomited  the  salts  about  10  minutes  after  having 
taken  them.  The  quantities  collected  were  very  low  during  the 
32  hours  following  the  administration  of  the  calomel,  being 
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for  the  most  part  below  20  cc.    They  then  began  to  creep  up, 
ranging  about  the  40'8. 

The  explanation  offered  of  the  fall  in  quantity  after  the 
administration  of  the  above  drugs  (with  the  exception  of  Cascara) 
is,  that  more  of  the  bile  flowed  into  the  active  intestine  than 
when  the  viscera  were  in  a  state  of  rest.  Perhaps  this  explana- 
tion may  account  for  absence  of  apparent  relationship  between 
bile-flow  and  taking  of  food,  noted  above. 

(e).  UriTie. 

On  reference  to  Chart  No.  3,  it  will  be  seen,  so  far  as  is 
shown — ^the  urine  having  been  lost  occasionally,  as  after  purga- 
tion— that  there  is  a  relation  between  the  quantity  of  this 
secretion  and  that  of  the  bile.  When  the  bile-register  keeps 
high  and  more  or  less  uniform,  the  urine  keeps  low  and  uniform. 
When,  however,  towards  the  end  of  the  chart,  the  bile-tracing 
comes  down,  that  of  the  urine  jumps  up.  It  is  felt  that  the 
observations  on  this  point  are  too  scanty  to  be  of  much  worth ; 
nevertheless  it  is  thought  well  to  record  them. 

(f).  Temperature. 

We  lastly  come  to  consider  the  relation,  if  any,  between  the 
patient's  body-temperature  and  the  quantity  of  bile  collected. 

Throughout  the  time  during  which  the  observation  was  being 
carried  on  the  temperature  showed  very  little  oscillation,  and 
any  there  is  can  hardly  be  said  to  bear  any  relation  to  the  bile- 
curve. 

B.  Colowr  of  the  Bile, 

This  varies  much,  both  in  the  24  hours  and  from  day  to  day. 

It  seems,  however,  to  be  of  dark  greenish  tint  from  12-4  a.m.  and 

4:  a.nL-8  a.m.  as  a  rule,  although  sometimes  the  day  specimens 

show  this  colour,  while  those  collected  at  night  are  golden-yellow 

and  clear. 

Drvg^  seem  to  influence  this: — Cascara,  11  p.m.  on  9th  June. 
X>arkening  of  colour  of  night  specimens  to  greenish  hue,  to  be 
followed  in  a  day  or  so  by  orange-yellow  bile,  after  which  the 
gxroenish  colour  is  again  observed 


228  MB  G.   H.  EDIN6T0N. 

On  the  15th  June,  Castor  Oil  followed  by  greenish  bile.  On 
the  16th,  the  bile  is  mostly  orange  or  golden-yellow. 

After  salts  on  the  19th  the  colour  is  dark  greien  and  opaque, 
while  after  Calomel  on  evening  of  19th  the  bile  is  golden  and  clear 
on  to  the  22nd  June.  By  the  23rd  June,  it  is  observed  to  be 
returning  to  general  condition  of  "  dark  greenish,  hazy "  in  the 
morning. 

C.  Specific  Gravity  of  Bile. 

This  was  only  irregularly  taken,  but  the  following  results 
were  obtained : — 

Average  of  8  day-specimens     =  1011*75. 
„  6  night-     „  =  1012-50. 

So  far  as  shown,  drugs  had  no  influence  on  the  specific  gravity. 
There  is  no  relation  between  the  quantity  of  bile  collected  and 
the  specific  gravity. 

D.  Beadian  of  Bile, 

Tested  on  eighteen  occasions  and  found  always  to  be  faintly 
alkaline. 

E.  Bile-saUs  (Glycocholale  and  Tav/rocholaU  of  Soda, 

As  will  be  seen  on  referring  to  Chart  No.  2,  the  quantity  of 
salts  excreted  from  fistula  varies  within  wide  limits. 

(a).  Influence  of  time  of  day  or  nigM  : — 

Average  for  day     =  0*4840  grm.    (05249  gnn.  per  100  c.c.  bile). 
„        „    night  =  0*4957  grm.    (0*5231  grm.  per   „  „ 

(iS).  BekUion  to  food  (referring  to  diet). 

Up  to  13th  June,  the  patient  was  taking  ordinary  mixed  diet 
(as  on  p.  221).  On  that  date  farinaceous  food  was  substituted 
for  the  ordinary  dinner  of  flesh-meat  On  the  13th,  morning- 
salts  =  '07  grm.,  evening  ditto  =  *4  grm.,  while  on  14th  the 
moming-salts  =  *94  grm.,  evening  =s  1*86  grm.  On  the 
morning  of  15th,  they  were  down  to  *56  grna.,  evening  *75  gim. 
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(Castor  Oil  i  i  was  taken  at  2  a.m.  on  15th).  On  16th,  salts  of 
morning  specimens  1*13  grm.,  while  on  the  evening  of  this  day 
they  fell  to  -07  grm. 

The  original  mixed  diet  was  resumed  on  the  following  day, 
hut  by  some  mistake  the  specimens  of  bile  were  thrown  out 
before  having  been  analysed. 

On  the  18th,  morning  =  72  grm.;  evening  s=  -12  grm. 
„  .  „    19  „         „         =  -74  grm.  „       =  -85  grm. 

At  4  a.m.  on  19th,  Saline  administered  (Sulph.  of  Magnesia 
5iii  and  of  Soda  3vi)  on  account  of  constipation.  The  patient 
received  also  at  10  p.m.  5  grs.  Calomel  The  analysis  for  20th 
(including  from  8  a.m.  19th)  is  as  follows : — 

Morning  =  -49  grm.  The  evening  specimen  lost  during 
analysis  owing  to  an  accident  to  the  apparatus.  The  Calomel 
was  administered  on  account  of  the  salts  having  been  vomited 
and  was  followed  by  a  lively  catharsis.  Analysis  for  21st  June 
was  as  follows : — morning = -32  grm. ;  evening  =  -25  grm. 

There  was  slight  rise  on  succeeding  day  to  '39  and  75  for 
morning  and  evening  respectively.  The  23rd = morning  '34  grm., 
evening  '94  grm. 

From  the  above  details  it  seems  that  the  withdrawal  of  flesh- 
meat  from  th6  dietary  is  followed  by  increase  in  the  quantity 
of  the  bileHsalts,  while  on  resumption  of  flesh-diet  there  is  a  fall. 
It  is  unfortunate  that  only  the  quantity  for  day  succeeding  and 
not  that  for  day  of  resumption  is  determined.  There  is,  towards 
the  close  of  chart,  a  tendency  to  creep  up. 

(y).  Drugs. 

The  administration  of  01.  Eicini  is  followed  by  an  increase 
and  subsequent  decrease  in  quantity  of  the  salts.  The  saline 
seems  to  have  had  but  little  effect  on  the  salts  (bile),  while  the 
effect  of  the  Calomel  cannot  be  ascertained.  Judging  from 
other  parts  of  the  chart,  the  fall  on  the  21st  might  indicate  a 
rise  on  the  20th. 

(S).  Belationship  to  Urea. 

This  is  shown  in  a  marked  way  in  Chart  No.  2,  in  which  the 
tracings  of  urea  and  bile-salts  are  compared.     As  the  quantity 
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of  salts  rises,  there  is  almost  invariably  a  fall  in  urea,  while 
the  converse  also  holds  good.  When  the  rise  of  salts  follows  the 
modification  of  diet,  the  urea  is  seen  to  falL  The  effect  of  drugs 
on  this  relationship  cannot  be  seen  on  account  of  the  patient's 

While  it  is  noted  that  on  last  day  of  observation  the  bile-salts 
show  a  tendency  to  creep  up,  this  is  checked  by  the  fall  in  the 
excretion  of  the  urea. 

When  the  peremtage  of  salts  is  considered,  similar  results 
obtain. 

(c).  Temperatv/re. 

Same  remarks  apply  here  as  on  p.  227,  where  the  temperature- 
notes  are  compared  with  quantity  of  bile  secreted. 
KB. — ^The  bile  decomposed  readily  during  hot  weather. 

Summary. 

1.  Quantity  of  bile  collected  varies  much. 

2.  The  variation  is  not  regular  for  any  period  of  the  day,  the 
occurrence  of  the  maximum  being  very  variable.  The  average 
maximum  occurs  at  4-8  a.nL ;  minimum  12-4  a.m. 

3.  The  variation  shows  no  relation  to  meal-houra 
4  Effect  of  change  of  diet  is  doubtful. 

5.  The  various  purgatives  employed  (with  exception  of 
Cascara)  are  followed  by  diminished  discharge  from  the  fistula. 
Does  more  of  the  bile  pass  into  the  active  intestine  1 

6.  Quantity  of  bile  discharged  varies  inversely  as  that  of  the 
urine. 

7.  As  a  rule,  bile  collected  during  the  night-hours  is  of  a  dark 
greenish  tint 

8.  Greenish  colour  follows  exhibition  of  purgatives,  and  is 
succeeded  by  change  to  golden-yellow. 

9.  Specific  gravity  low,  but  higher  at  night  than  through  the 
day. 

10.  Reaction,  so  far  as  taken,  faintly  alkaline. 

11.  Average  salts  slightly  lower  by  day  than  by  night. 

12.  Farinaceous  food  followed  by  increase  of  salts.  On 
resumption  of  flesh-meat,  salts  do  not  drop  to  former  leveL 
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13.  Effect  of  drugs  on  salts  not  satisfactorily  determined. 

14.  There  is  very  distinct  inverse  relation  of  salts  to  excretion 
of  urea. 

15.  Antisepticity  of  bile  low. 

VI.  Comparison  with  other  Observers. 

The  variation  in  quantity  excreted  is  mentioned  by  others. 
Our  observations  as  to  the  average  nriniTnuTu  and  maximum  do 
not  agree  with  those  of  Paton  and  Balfour  Q) : — 


Paton  and  Balfour. 

Present  Observations. 

8  a.m.    -  12  noon      106*0  cc. 

29 '50  cc 

12  noon    -   4  p.ni.       140*5    „ 

88-50    ,, 

4  p.ni.    -   8  p.m.       102*0    ,, 

80-90    ,, 

8  p.m.    -12mdnt.     100-8    „ 

86  02    „ 

12mdnt.  -    4  a.m.         88*5    „ 

25-81     „ 

4  a.m.    -   8  a.m.       116'0    „ 

87-62    „ 

Copeman  and  Winston  (^)  find  rate  of  secretion  lowest  at  5  a.m., 
highest  at  12  noon,  and  this  they  attribute  to  the  taking  of  food. 
The  researches  of  Yeo  and  Herroun  (s)  show  no  increase  after 
meals ;  they  also  say  that  amount  secreted  during  day  is  same 
as  that  during  night  They  are  willing  to  believe,  however,  that 
while  this  result  may  be  obtained  in  hospital,  where  meals 
are  frequent  and  moderate,  yet  a  different  state  might  obtain 
where  meals  were  lai^er  and  taken  at  longer  intervals.  Mayo 
Bobson  (^),  on  the  other  hand,  finds  a  rise  in  quantity  at  night. 
He  also  finds  change  of  diet  not  followed  by  any  great  alteration 
in  the  quantity  of  the  bile  secreted,  and  his  results  point  to  a 
diminution  in  quantity  following  the  administration  of  chola- 
gogues,  agreeing  with  our  experience  with  purgatives  (?). 

Specific  gravity  is  in  our  case  in  accordance  with  the  results  of 
others,  being  about  1011.    Jacobsen  (quoted  by  Halliburton  ^) 
draws  attention  to  the  difference  between  fistida-bile  and  gall- 
bladder-bile in  this  respect.     We  find  it  higher  at  night,  and  in 
this  agree  with  Paton  cmd  Balfour.    These  observers,  and  also 
JdCayo  Bobson,  agree  with  us  as  to  increased  secretion  of  bile-salts 
during  the  night.    As  will  be  seen  below,  however,  our  percent- 
age is  higher  for  day  than  night.    The  following  table  gives  a 
coxnparison  of  different  observations,  and  is  taken  from  Paton 
and  Balfour's  paper. 
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Jaoobflen. 

Yeoaad 
HftnoaD, 

Copeman 

and 
Winston. 

Bobson. 

Pkton  and 
Balfoor. 

Preaent 
Case. 

Sod,      Glyco- 

cholate. 
Sod.      Taaro- 

cholate, 

1-01 

■  a  • 

•165 
•055 

\       -628 

•751 
•009 

•356  ^' 
•049  J 

1 

i-    -524 
J 

Paton  and  Balfour. 


Present  Caae. 


8  a.ni.— 8  p.m. 


-2426 


8  p.m.— 8  a.m.  '  8  a.m.— 8  p.nL 


•4571 


•5249 


8  p.m.— 8  a.m. 


•5281 


'349 


•524 


As  regards  general  metabolism,  we  find  with  ordinary  mixed 
diet  less  salts  formed  than  with  farinaceous  modification.     This 
is  also  borne  out  in  comparing  with  the  urea  excreted,  and  this 
seems  to  be  in  agreement  with  the  results  of  Kunkel  and  Spin 
(quoted  hj  Bunge  %  who  show  that  only  a  small  part  of  nitrogen 
and  sulphur  resulting  from  proteid  metabolism  appears  in  bile. 
Mayo  Eobson  and  Paton  (J)  and  Balfour  agree  as  to  excrementi- 
tious  nature  of  the  bile ;  and  Zweif  el  (quoted  by  Bunge)  declares 
that  the  bile  must  to  a  certain  extent  be  excretory,  seeing  that  it 
is  formed  during  the  third  month  of  embryonic  life,  whereas  secre- 
tions from  other  glands  for  intestinal  tract  begin  after  birth,  on 
taking  of  food. 

Most  are  agreed  on  the  question  of  the  low  antisepticity  of 
bile.    (See  Tables,  p.  234) 

Note. — Since  writing  the  above,  I  have  had  an  opportunity 
of  observing  another  case  of  biliary  fistula.  The  patient  was 
operated  on  by  Dr  Henry  Eutherf urd  for  gallstones.  The  gall- 
ducts  were  patent^  but  a  biliary  fistula  existed  for  some  time 
after  the  operation,  and  from  this  considerable  quantities  of  bile 
were  passed.  It  was  observed  that  the  discharge  of  bile  was 
increased  very  much  by  exhibition  of  Seidlitz  powder,  or  Colocyntii 
pill,  a  matter  of  frequent  occurrence  on  account  of  constipation. 
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The  increase  was  such  as  to  require  additional  dressings  to  be 
applied  over  the  fistula. 


VII.  Beferences. 

(1.)  Laboratory  Reports^  Royal  College  of  Physicians,  Edinburgh, 
voL  iiL,  1891. 

(2.)  Journal  of  Physiology^  vol.  x.  p.  213,  1889. 

(3.)        „  ,,  vol.  V.  p.  116,  1884. 

(4.^  Proc.  Royal  Sodetyy  vol.  xlvii.  p.  499,  1890. 

(5.)  Halliburton,  Text-book  of  Chemical  Physiology  and  Pathology, 
1889,  p.  675. 

(6.)  Physiological  and  Pathological  Chemistry,  Bunge,  trans,  by 
Wooldridge,  1890,  p.  214. 

(7.)  L^)oratory  Reports,  Royal  College  of  Physicians,  Edinburgh, 
vol.  iv.,  1892. 

(S.)  Foster's  Physiology,    Appendix.     Sheridan  Lea.     p.  211. 
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NOTES  ON  THE  ANATOMY  OF  AN  ANENCEPHALOUS 
F(ETUS  HAVING  THKEE  AEMS  AND  THREE 
LOWER  LIMBS.  By  F.  G.  Parsons,  F.RO.S.,  Denum- 
strcUor  of  Anatomy  at  St  Thomas's  Hospital. 

(Read  before  the  Anatomical  Society,  Not.  22, 1895.) 

Ths  foetus  from  which  the  following  notes  were  taken  was 
kindly  placed  at  my  disposal  by  Professor  Stewart.  The 
skeleton  is  now  in  the  Museum  of  the  Royal  College  of  Surgeons, 
and  the  necessity  for  preserving  this  intact  made  the  dissection 
rather  less  complete  than  it  might  otherwise  have  been.  I  am 
inclined  to  regard  this  specimen  as  worthy  of  being  recorded, 
because  in  the  literature  to  which  I  have  had  access  I  hare 
been  unable  to  discover  anything  resembling  it,  and  also  because 
Professor  Windle  tells  me  that  he  has  never  met  with  a  similar 
case.  The  references  to  other  descriptions  whidi  seem  to  have 
a  bearing  on  this  specimen  have  been  reserved  until  the  end  of 
the  paper. 

External  Anatomy. 

Viewed  from  the  right  side,  the  specimen  is  that  of    an 
ordinary  anencephalous  foetus,  but  on  the  left  side  there  are 
two  arms  and  two  lower  limbs ;  as  one  of  these  is  a  little  in 
advance  of  the  other,  they  are  best  distinguished  by  the  name 
of  anterior  and   posterior  left  arm  and  lower   limb  respec- 
tively.   The  anterior  left  arm,  which  I  look  upon  as  the  left 
arm  of  the  primary  foetus,  is  only  remarkable  for  being  very 
much  shrunken  in   circumference  but  not  much   in  length. 
The  posterior  left  arm  is  double  in  its  lower  part;  that  ia  to 
say,  evidences  of  two  olecranon  processes  can  be  made  out,  and 
the  hand  is  double,  with  the  flexor  surfaces  of  the  fingers  turned 
towards  one  another.    This  posterior  left  upper  extremity  I 
regard  as  the  fused  arms  of  a  parasitic  foetus.    On  looking  at 
the  left  side  of  the  abdomen  and  thorax,  and  comparing  it  with 
the  right,  it  is  evident  that  the  trunk  is  asymmetrical ;  iu  other 
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words,  that  a  measurement  round  the  left  side  of  the  body,  from 
the  middle  line  in  front  to  the  middle  line  behind,  would  con- 
siderably exceed  a  similar  measurement  on  the  right  side.  This 
increase  in  size  makes  one  suspect  that  part  of  the  body  of  a 
parasitic  foetus  has  been  welded  on  to  the  left  side  of  the  primary 
one, — a  suspicion  which  the  study  of  the  viscera  bears  out.  The 
head  aiid  neck,  viewed  from  the  right  side,  has  the  usual 
appearance  of  an  anencephalous  foetus,  but  on  the  left  side  the 
head  is  elongated  from  before  backwards,  the  auricle  is  small 
and  ill  shapen,  and  behind  it  there  is  a  conical  projection  about 
a  quarter  of  an  inch  long,  with  an  aperture  at  its  apex.  This 
structure  I  was  at  first  inclined  to  look  upon  as  the  mouth  or 
nose,  or  both,  of  the  parasitic  foetus,  because  the  limbs  of  this 
foetus  are  squeezed  together  and  their  flexor  surfaces  united ; 
and  it  seemed  to  me  that  any  opening  which  was  in  a  line  with 
the  centre  of  these  fused  limbs  should  represent  some  median 
aperture  of  the  foetus  to  which  they  belonged  Since  I  have 
h6id  an  opportunity  of  studying  the  osteology  and  myology,  I 
have  little  doubt  that  this  structure  is  the  auricle  of  the  parasitic 
foetus. 

The  posterior  left  lower  limb  resembles  the  posterior  left  arm 
in  the  opposing  position  of  the  two  sets  of  toes,  while  the  an- 
terior left  lower  limb  has  the  same  shrunken  characters  that 
were  noticed  in  the  anterior  left  arm. 

The  male  genital  organs  are  well  developed,  and  there  are  no 
traces  of  any  belonging  to  the  parasitic  foetus. 

Osteology. 

The  skull  is  that  of  an  anencephalous  foetus,  everything  above 
the  supraorbital  ridges  and  the  external  occipital  protuberance 
being  absent. 

The  frontal  bone  is  represented  by  the  orbital  plates,  'which 
are  only  partially  complete,  and  the  external  and  internal  angolar 
processes. 

The  three  parts  of  the  temporal  bone  are  present,  and  on  the 
right  side  are  normal 

On  the  left  side  there  is  a  process  of  bone,  about  J  in.  lonsr 
and  flattened  from  before  backwards,  situated  behind  the  glenoid 
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cavity,  and  perfectly  distinct  from  the  post-glenoid  process, 
which  can  be  easily  made  out.  This  process,  from  its  situation 
and  appearance,  I  regard  as  the  condyle  and  neck  of  a  second 
lower  jaw  belonging  to  the  parasitic  foetus. 

The  upper  part  of  the  petrous  bone  on  the  left  side  is  wanting, 
so  that  the  internal  auditory  meatus  has  no  roof. 

The  occipital  segment  of  the  skull  is  normal  as  far  as  the 
basi  and  exoccipitals  go,  but  above  the  foramen  magnum  there 
is  only  a  narrow  transverse  bar  which  represents  the  supra- 
occipital  element. 

VeriebrcB, — The  atlas  is  normal  on  the  right  side,  but  on  the 
left  it  is  absent  The  other  cervical  vertebrae  are  normal  on  the 
right,  but  on  the  left  the  axis  has  two  transverse  processes,  one 
behind  the  other.  The  dorsal  and  lumbar  vertebrae  are  normal 
in  number  and  appearance,  and  there  is  a  well-marked  left 
lateral  curvature. 

The  Bibs  are  12  on  each  side,  the  11th  being  united  by  its 
cartilage  to  the  10th.  On  the  right  side  they  are  united  to  the 
sternum  in  the  usual  manner.  On  the  left  their  free  ends  are 
connected  by  a  bar  which  corresponds  to  the  longitudinal  half  of 
another  sternum.  Between  these  two  sterna  there  is  a  gap  of 
about  IJ  inch,  which  is  filled  with  fibrous  tissue  in  the  recent 
state. 

Upper  Extremities. — ^The  bones  of  the  right  side  are  perfectly 
normal.  On  the  left  side  there  are  two  upper  extremities,  the 
anterior  of  which  is  very  ill  developed,  while  the  posterior 
consists  of  two  fused  arms. 

The  anterior  left  extremity  is  connected  to  the  large  (right) 
sternum  by  an  ill-developed  clavicle.    The  scapula  has  definite 
coracoid  and  acromial  processes,  but  the  ala  is  only  represented 
by  a  small  quadrilateral  plate  having  the  border,  which  ought  to 
be  the  vertebral  one,  below.    This  scapula  is  continuous  poste- 
riorly with  the  coracoid  portion  of  the  corresponding  bone  of  the 
posterior  left  limb.    The  humerus  is  normal  in  length,  but  only 
about  half  the  diameter  of  the  corresponding  bone  on  the  right 
side.    The  radius  and  ulna  are  also  extremely  delicate  bones, 
but  are  not  quite  as  long  as  those  on  the  right.    The   hand, 
beyond  its  small  size,  shows  nothing  remarkable.    The  posterior 
left  extremity  is  connected  to  the  right  sternum  hj  a  well- 
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developed  clavicle.  The  scapula  is  cormal  except  at  its  coracoid 
portion,  where,  instead  of  having  a  definite  coracoid  process,  it  is 
connected  to  the  scapula  of  the  anterior  left  extremity,  as  has 
already  been  described.  It  is  a  single  bone,  and  shows  no  signs 
of  division  into  two.  The  humerus  has  a  loi^tudinal  groove  in 
front,  and  appears  to  be  made  up  of  two  bones  united  by  their 
flexor  surfaces.  There  are  two  quite  separate  ladii,  both  of 
which  articulate  with  the  anterior  part  of  the  lower  extremity 
of  the  humeruB,  and  are  placed  so  that  their  flexor  surfaces  look 
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toveards  one  another,  while  their  outer  surfaces  look  forwards. 
Xbe  ulna  is  a  single  bone  below,  but  above  there  are  two  ole- 
eranon  processes,  both  of  which  articulate  with  the  back  of  the 
lower*  end  of  the  humerus.  The  dorsal  surfaces  of  all  the  carpal 
t>ones  can  he  made  out  on  the  left  side  of  the  double  hand,  but 
on  ttx&  right  side  the  ligaments  render  this  impossible ;  it  is  quite 
evidaxt,  however,  that  there  are  two  sets  of  carpal  bones,  the 
pAlxnazr  surfaces  of  which  are  in  contact.    The  bones  of  the  two 
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thumbs  are  qmte  distinct  from  one  another,  and  are  normal 
The  metacarpal  bones  of  the  two  index  fingers  are  fused,  but  the 
phalanges  are  separate.  The  middle  finger  is  only  present  on 
the  left  side  of  the  hand ;  it  has  only  two  phalanges,  the  second 
of  which  is  connected  to  the  second  phalanx  of  the  left  ring 
finger.  There  is  no  middle  finger  on  the  right  side.  The  ring 
and  little  fingers  are  present,  and  their  bones  normal  on  both 
sides. 

Pelvis, — The  sacrum  consists  of  six  pieces,  and  is  quite  sym- 
metrical.    The  right  os  innominatum  is  normal,  except  that  it  i& 
pushed  a  little  to  the  right,  so  that  the  symphysis  lies  in  the 
same  vertical  line  as  the  right  sternum,  i.6.,  a  little  to  the  right 
of  the  median  line.     On  the  left  side  there  are  two  ossa  inno- 
minata,  the  anterior  of  which  has  the  pubes  and  ischium  well 
developed,  but  the  ilium  is  placed  horizontally,  so  that  the  iliac 
surface  looks  upwards  and  the  gluteal  surface  downwards.    The 
anterior  part  of  the  crest  and  the  anterior  superior  spine  are 
free,  but  the  posterior  part  of  the  crest  is  continuous  with  the 
ischium,  and  possibly  part  of  the  pubes  of  the  posterior  left  os 
innominatum.    The  acetabulum  looks  downwards  and  forwards. 
The  other  bones  of  the  anterior  left  leg  resemble  those  of  the 
corresponding  arm,  being  nearly  normal  in  length,  but  of  much 
smaller  circumference  than  the  bones  in  ^the  right  leg.     The  left 
posterior  os  umominatum  is  normal  in  its  iliac  portion  by  which 
it  articulates   with  the  sacrum.     At  the  position  of    the  ilio 
pectineal  eminence  there  is  a  short  conical  projection,  which  I 
regard  as  the  aborted  horizontal  ramus  of  the  pubes,  the  body  of 
that  bone  being  absent.     The  ischium  is  continuous  with  the 
crest  of  the  left  anterior  ilium,  as  has  already  been  stated.     In 
front  of  the  fused  parts  of  these  bones  is  a  plate  of  bone  which 
occupies  the  position  of  the  descending  ramus  of  the  pubes.     The 
obturator  foramen  is  only  represented  by  a  notch.     The  posterior 
left  femur,  unlike  the  corresponding  humerus,  shows  no  signs  of 
longitudinal  division;   the  nutrient  foramina,  however,  are  on 
the  inner  side  instead  of  behind.    The  tibia  is  single  and.  longer 
than  the  fibula  ;  it  articulates  with  the  tarsal  bones  only  on  the 
outer  surface  of  its  lower  extremity.    The  inferior  surface  does 
not  articulate  with  anything,  but  forms  a  pulley-like  groove  xoidei 
which  the  tendons  of  the  two  tibiales  antici  join  one  another. 
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The  nutrient  foramen,  as  in  the  femur,  is  on  the  internal  surface 
of  the  bone.  The  fibula  is  shorter  and  thicker  than  on  the  right 
side  of  the  body;  its  lower  end  is  somewhat  expanded,  and 
articulates  with  the  tarsus  to  a  much  greater  extent  than  the 
tibia  does.  The  tarsus  is  everted  and  double,  the  two  sets  of 
bones  being  placed  with  their  plantar  surfaces  in  contact.  On 
the  inner  side  of  the  foot  the  two  sets  of  t€u:sal  bones  are  fused, 
but  externally  they  are  quite  distinct.  There  is  only  one  big 
toe,  which  does  not  seem  to  belong  to  one  side  more  than  to  th^ 
other,  the  dorsal  surface  being  directed  inwards.  There  are  two 
perfectly  distinct  sets  of  all  the  other  toes,  each  of  which  consists 
of  the  normal  number  of  bones. 


Myology. 

On  the  right  side  of  the  body  the  muscles  are  perfectly 
normal  A  stemalis  was  looked  for  in  connection  with  the 
anencephaly,  but  was  not  found  on  either  side. 

On  the  left  side  the  anterior  ill-developed  arm  and  leg  show 
very  little  trace  of  muscle,  its  place  being  taken  by  fibro-fatty 
tissue.  There  are,  however,  indications  of  the  brachiaiis  anticus 
and  iiexor  muscles  of  the  forearm,  as  well  as  of  the  hamstrings 
and  gastrocnemius.  On  the  extensor  surfaces  of  both  limbs 
there  are  no  traces  of  muscular  tissue. 

The  left  side  of  the  neck  shows  several  muscular  abnor- 
malities.   The  trapezius  is  represented  by  two  slips,  the  anterior 
of  which  rises  from  the  ridge  of  bone  which  does  duty  for  the 
supraoccipital,  and  is  inserted  into  the  outer  part  of  the  clavicle 
l>elonging  to  the   left  posterior  extremity;  the  posterior  slip 
from  the  region  of  the  external  occipital  protuberance,  and 
ixiserted  into  the  acromial  region  of  the  posterior  left  scapula. 
J3eep  to  this  last  slip  a  muscle  rises,  which  runs  down  to  the 
superior  angle  of  the  left  posterior  scapula.    It  lies  in  the  same 
plane  as  the  rhomboids,  and  must,  I  think,  be  regarded  as  a 
rliomboideus  capitis. 

Tb.e  rhomboideus  minor  is  larger  than  usual,  and  rises  from 
nedriy  the  whole  extent  of  the  ligamentum  nuchse.  The  rhom- 
Ix>idexi8  major  is  nonnal.    The  stemo-mastoid  is  double,  and 
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consiste  of  an  anterior  and  a  postetior  muBcle.  The  anterior  hag 
the  usual  origin  from  the  sternum  and  from  the  sternal  quaiter, 
or  less  of  the  clavicle  belonging  to  the  left  posterior  extremity; 
it  is  inserted  beneath  and  behind  the  anterior  of  the  two  auricles. 
The  posterior  etemo-mastoid  rises  partly  under  cover  of  the  Isat 
from  the  inner  third  of  the  clavicle  belonging  to  the  left  poete- 
rior  extremity,  and  runs  up  to  be  inserted  below  and  behind  the 
posterior  of  the  two  auricles ;  its  anterior  border  is  covered  hj 
the  last  muscle.  The  spinal  accessory  nerve  enters  the  posteiior 
of  these  two  stemo-mastoids  cloee  to  its  insertion,  and  sends  some 
twigs  throi^h  It  to  the  anterior  and  supeiEcial  one ;  it  is  not 
continued  on  to  the  trapezius.  Other  twigs  are  derived  from 
the  cervical  plexus.  There  is  no  omo-hyoid  or  aubclavios  on 
the  left  side. 

The  left  posterior  arm,  as  has  been  pointed  out,  conaists  of 
two  arms  fused  on  their  flexor  surfaces.    The  musculature  is 


Fio.  i. — Left  posterior  RTm  uid  roretrm. 

very  much  what  would  be  expected  under  these  circumstances. 
There  are  two  perfectly  symmetrical  deltoid  muscles,  aad  between 
these  lie  two  mxiscular  slips  representing  the  clavicular  portions 
of  two  pectorals.  The  biceps  is  single,  and  in  the  mid  line  of 
the  arm ;  it  rises  from  the  longitudinal  furrow  in  the  front  of  the 
humerus,  just  below  the  insertion  oi  the  pectoral  muscles ;  below, 
it  divides  into  two  equal  tendons  which  are  inserted  into  the 
two  radiL  There  is  no  coraco-brachialia  The  brachialis  anticm 
is  double,  the  two  muscles  passii^  between  the  two  radii  and 
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fusing,  to  be  inserted  into  the  frout  of  the  uMa.  The  triceps  is 
single,  though  broader  than  usual. 

In  t^e  front  of  the  forearm  there  are  very  few  muscles.  The 
two  long  supinators  are  aymmetrical,  and  normal  in  their 
attaohmentB.  The  pronator  radii  teres  is  only  represented  by 
a  slight  oblique  strip  of  muscle  which  runs  downwards  and 
inwards,  no  trace  of  the  opposite  muscle  being  present.  The 
tlexor  longus  pollicis  and  flexor  loi^us  digitorum  are  repre- 
sented by  a  single  muscle  on  each  side.  The  arrangement  of 
these  ifl  curious.  They  rise  from  the  middle  of  the  front  of 
each  radios,  and  the  two  tendons  cross  to  form  on  X;  after- 
wards each  of  them  divides  into  two,  one  of  which  goes  to  the 
thumb,  while  the  other  joins  its  fellow  of  the  opposite  side  to 
form  a  broad  tendon,  which  ^ain  divides  for  the  two  index 
fingers.  Thus  the  right  thumb  is  moved  by  the  muscle,  which 
rises  from  the  left  radius,  and  vice  versd.  There  are  no  other 
muscles  on  the  flexor  side -of  the  forearm. 

On  the  extensor  surfaces  of  the  forearm  the  muscles  are 
fairly  normal  On  the  left,  or  outer  extensor  surface,  the  only 
abnormal  points  are  the  following : — The  extensor  secundi  iDt«r- 


Fi6.  5. — Ftiaed  buida  from  the  radial  ilde. 

nodii  pollicis,  extensor  indicis,  and  extensor  primi  internodii 
pollicis,  have  one  common  muscular  belly,  the  tendon  of  which 
divides  on  the  back  of  the  wrist  for  its  various  points  of  inser- 
£ion.  The  extensor  communis  digitorum  and  extensor  minimi 
d^ti  are  inseparable  in  their  fleshy  part.    This  divides  later 

into  two  tendons,  one  of  which  goes  to  the  fused  middle  and 

ring  fingers,  the  other  to  the  little  finger. 


\\ 
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On  the  right  or  inner  extensor  surface  there  is  no  extensor 
indicis,  but  the  fused  extensor  communis  and  minimi  digiti  run 
to  all  the  fingers.  An  abnormal  muscle  rises  from  the  back  oE 
the  radius  deep  to  the  extensor  ossis  metacarpi  poUicis,  and  its 
tendon  runs  in  a  groove  round  the  outer  side  of  the  lower 
extremity  of  this  bone,  to  be  inserted  into  the  front  of  it  just 
above  the  wrist-joint ;  it  is  possibly  the  extensor  indicis  which 
has  missed  its  normal  attachments.  In  the  hand  the  short 
muscles  of  the  little  finger  are  well  developed  on  each  side,  but 
those  of  the  thumb  are  absent. 

The  abdominal  muscles  are  normal  on  the  right  side.  The  left 
rectus  rises  from  the  aborted  horizontal  ramus  of  the  posterior 
left  OS  innominatum,  and  runs  to  the  sixth,  seventh,  and  eighth 
left  costal  cartilages ;  it  is  separated  from  its  fellow  on  the  right 
side  by  an  interval  of  about  an  inch,  in  which  the  abdominal 
walls  only  consist  of  fibrous  tissue.  Tins  fibrous  tract  corre- 
spends  to  the  part  of  the  body  occupied  by  the  ill-developed 
anterior  left  arm  and  leg,  and,  like  them,  contains  no 
nerves. 

On  the  front  of  the  thigh  of  the  posterior  left  limb  the  muscles 
are  fairly  normal.  The  adductor  longus  and  brevis  rise  from 
the  rudimentary  horizontal  ramus  of  the  pubes,  while  the 
adductor  magnus  and  gracilis  come  from  the  vestige  of  the 
descending  ramus.  Both  the  adductor  longus  and  pectineus  are 
supplied  entirely  by  the  anterior  crural  nerve. 

On  the  posterior  (flexor)  surface  the  muscles  are  not  well 
developed. 

The  biceps  rises  from  the  fascia  on  the  deep  surface  of  the 
gluteus  maximus  by  its  long  head,  its  short  he£ul  and  iusertiou 
being  normal.     The  semimembranosus  and  semitendinosus  are 
absent.     Below  the  knee  the  leg  presents  two  sets  of  extensor 
muscles,  one  of  which  is  directed  towards  the  right,  the  other 
towards  the  left.     Unlike  the  forearm,  there  are  no    flexor 
muscles  at  alL     On  the  right  side  the  tibiahs  anticus  euds  in  a 
broad  flat  tendon,  which  joins  a  similar  tendon  of  the   other 
tibialis  anticus,  to  form  a  sling  below  the  projecting  internal 
malleolus ;  the  inner  part  of  this  shng  is  attached  to  the  base 
of  the  single  first  metatarsal  bone.    The  extensor    proprius 
hallucis  and  longus  digitorum  are  normal,  as  is  also  the  peronens 
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tertina.  The  peroneus  brevis  risea  from  the  upper  half  of  the 
anterior  anrface  of  the  flbola,  and  has  its  usual  insertion. 

The  extensor  brevis  digitorum  sends  slips  to  the  three  inner- 
most toes.    There  is  no  peroneus  longus. 

On  the  left  side  of  the  1^  the  tibialis  anticus  has  exactly  the 
same  arrangement  as  the  same  muscle  on  the  opposite  side  of 
the  same  leg.  The  extensor  proprius  ballucis  and  longos  digi- 
torum are  normal    The  peroneus  brevis  and  terfius  are  fused 


Fio.  e. — Lett  doTMl  sor&M  of  the  doable  foot. 

into  cme  muscle,  the  tendon  of  which  divides  just  before  ite  in- 
sertion.  There  is  no  peroneus  longua.  The  extensor  brevis 
digitorum  only  consists  of  two  slips  for  the  hallux  and  next 
to&  ' 

ViSCBEA. 

The  heart  will  be  described  later.    The  Thymus  is  well 

developed,  the  right  lobe  being  the  laiger,  and  subdivided  into 

two  smaller  lobes.    The  lungs  are  normal  in  lobulation  and  size. 

The  liver  shows  an  enormous  increase  in  the  size  of  the  left  lobe, 

'which  ifl  nearly  twice  as  laige  as  the  right ;  it  pushes  up  the 

diaphragm  as  far  as  the  left  fourth  rib,  and  occupies  the  extra 

space  which  ia  formed  by  the  fibrous  interval  already  described 

between  the  sternal  extremities  of  the  left  ribs  and  the  sternum. 

Its  antero-posterior  diameter  ia  considerably  greater  than  that 

of  the  right  lobe,  as  is  also  its  transverse.     The  anterior  border 

is   thick,  while  the  posterior  is  quite  thin.    The  urinary  apparatus 
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shows  distinct  signs  o{  the  fusion  of  two  foetoses,  as  there  are 
traces  of  two  bladders  and  of  four  kidneys.  The  right  kidney  ia 
normal  in  position,  but  very  large  and  distinctly  lobulated ;  its 
upper  end  reaches  up  behind  the  right  lobe  of  the  liver  to  the 
diaphn^m;  its  ureter  is  uormaL  The  left  kidney  of  the  primary 
foetus  is  situated  opposite  the  brim  of  the  true  pelvis ;  it  is  about 
half  the  size  of  the  right  one,  and  is  of  an  irr^ular  discoid  shape. 
Its'  ureter  emerges  from  the  posterior  Battened  sorface,  and  is 


un&tueHL  veiN 


^\ 


FlisuKt  TOR  DUCTUS  vehoSUS 

p. 

Fio.  7.— Under  surface  of  the  liver. 

about  an  inch  loi^ ;  it  opens  into  the  base  of  the  right  or 
primary  bladder.  The  two  kidneys  belonging  to  the  secondary 
foetus  are  apparently  not  functional ;  the  upper  (left)  one  is 
flattened  and  small,  its  lower  part  being  dilated  into  a  small 
cyst.  It  is  situated  on  the  outer  side  of  the  left  psoas,  its  upper 
edge  being  on  a  level  with  the  lower  edge  of  the  large  kidney  of 
the  right  side  already  mentioned.  The  ureter  comes  from  the 
upper  part  of  the  gland,  and  is  dilated  in  the  pelvic  cavity. 
Immediately  below  the  dilatation  the  duct  is  impervious,  and 
here  it  is  connected  with  a  small  triangular  glandular  mass, 
which  I  look  upou  aa  the  representative  of  tiie  right  kidney  of 
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the  secondsiy  foetus.  Beyond  this  there  is  a  very  short  dilated 
duct  which  communicates  by  a  pin-hole  aperture  with  the 
prostatic  part  of  the  urethra.  The  bladder  of  the  primary 
fcetus  is  normal  in  ebape  and  position ;  it  is  continued  up  to  the 
umbilicus  by  a  patent  uracbuB.  Behind  this,  and  a  little  to  the 
left,  is  a  corneal  and  somewhat  tortuouB  sac,  having  the  base  of 


Fio.  8. — Urinsry  organs  from  behind. 

the  cone  downwards,  and  being  continued  up  at  its  apex  by  a 
narrow  tube  leading  to  the  umbilicna ;  this  structure,  into  which, 
as  for  as  I  can  find  out,  nothing  opens,  I  regard  as  the  allantois 
and  rudimentary  bladder  of  the  secondary  fcetue.  No  adrenal 
bodies  were  noticed. 

The  rectum  is  situated  quite  at  the  posterior  part  of  the 
pelvifi ;  between  it  and  the  last-named  structure  there  is  a  blind 
sac  distended  with  meconium,  and  communicating  above  with 
the  rectum.    In  its  fioor  there  is  a  deep  dimple,  and  I  am  inclined 

to  look  upon  it  as  the  impervious  rectum  of  the  secondary 

fcetus. 

Nervous  System. 

The  nerves  of  the  right  side  of  the  body  are  normal. 

On  the  left  side  no  nerves  were  seen  going  to  the  anterior 
a.z-xa  and  leg,  which  probably  accomite  for  their  ill-developed 
condition.    The  brachial  plexus  is  formed  as  usual  by  the  5th, 


6th,  7th,  and  8th  cervical  nerves,  aa  well  as  hj  the  Ist  dorsal. 
Its  composition  differs  very  much  from  the  nonual  arrangement, 
as  would  be  expected  when  it  is  remembered  that  the  limb  con- 
siste  of  two  extensor  surfaces  and  no  flexor  surface ;  consequently 
there  is  no  median  or  moscolo-cataneous  nerve,  while  the 
muscnlo-spiral  and  circumflex  are  double.  The  arrangement 
of  the  plexus  is  shown  in  the  accompanying  diagram  {Qg.  9). 

The  right  and  left  circumflex  nerves  are  normal  in  their 
course  and  distribution. 

The  left  muaculo-spiral  gives  off  a  large  external  cutaneous 
branch  in  the  spiral  groove ;  this  becomes  cutaneous  above  the 


Fio.  9. — BrtohJal  plexiu  from  behind. 

elbow,  and  supplies  the  whole  of  the  skin  of  the  outer  side  ol 
the  forearm.  The  muaculo-spiral  then  divides  into  radial  emd 
posteror  interosseous,  after  supplyii^  the  usual  muscles  ol  the 
arm  as  well  as  the  biceps.  The  radial  pursues  a  normal  course, 
and  supplies  the  skin  on  the  dorsum  of  the  left  side  of  the  fused 
hands  as  well  as  the  back  of  the  thumbs,  index,  and  fused 
middle  and  ring  Hirers.  A  curious  point  in  the  distribution  of 
this  nerve  is,  that  a  branch  crosses  over  to  supply  the  palmar 
surface  of  the  thumb  and  index  of  the  opposite  or  right  side  of 
the  fused  hands,  while  a  similar  branch  comes  over  to  the 
corresponding  parts  of  the  left  thumb  and  index  from  the  li^t 
radial ;  there  is  thus  a  decussation  of  nerves  on  the  radial  Edde 
of  the  fused  wrist 
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The  right  musciilo-spiral  has  the  same  distribution  as  the 
left,  except  that  it  sends  no  branch  to  the  biceps. 

The  right  and  left  ulnar  nerves  arise  by  a  common  trunk  from 
the  8th  cervical  and  1st  dorsal ;  a  little  below  the  middle  of  the 
arm  the  two  nerves  separate,  and  each  passes  behind  its  own 
condyle  to  enter  the  forearm,  where  it  has  its  normal  distribu- 
tion, except  that  there  is  no  flexor  profundus  digitorum  to  be 
supplied,  and  few,  if  any,  deep  muscles  of  the  paluL  The 
internal  cutaneous  nerve  is  single,  and  rises  from  the  8th 
cervical  and  Ist  dorsal;  it  supplies  the  skin  in  front  of  the  elbow 
joint,  and  for  some  little  distance  below. 

The  lumbo-sacral  plexus  on  the  left  side  is  fairly  normal,  and 
it  is  not  until  the  popliteal  space  is  reached  that  any  variations 
commence.  Here  the  great  sciatic  divides  into  three  branches, 
which  are  the  right  and  left  anterior  tibials  and  the  common 
musculo-cutaneous.  The  two  anterior  tibials  supply  their 
respective  extensor  surfaces,  and  end  as  usual  by  supplying  the 
skin  of  the  adjacent  sides  of  the  big  and  second  toes. 

The  common  musculo-cutaneous  divides  in  the  lower  third  of 
the  leg,  and  supplies  the  two  dorsal  surfaces  of  the  foot ;  from 
the  outer  of  the  two  a  branch  is  given  off,  which  passes  deeply 
between  the  two  sets  of  tcursal  bones  and  supplies  the  plantar 
surfaces  of  the  toes.  The  internal  saphenous  nerve  divides  to 
supply  the  two  dorsal  sides  of  the  single  great  toe. 

The  Vasculab  System. 

The  heart  has  a  rather  globular  appearance,  owing  to  the 
left  ventricle  being  larger  in  proportion  than  the  right.  In 
other  respects  it  is  normal 

The  pulmonary  artery  runs  to  its  usual  position  on  the  left 

side  of  the  ventral  (ascendii^)  aorta,  and  there  gives  off  its  two 

small  branches  to  the  foetal  lungs.    The  main  part  of  the  artery 

is  continued  on  as  the  ductus  arteriosus,  which,  instead  of  taking 

its  usual  course,  runs   backwards  round  the  left  side  of  the 

trachea  and  oesophagus,  archil^  over  the  left  bronchus,  and 

having  the  left  recurrent  laryngeal  looping  under  it.    When  it 

reaches  the  back  of  the  oesophagus,  it  joins  the  atch  of  the  aorta 

to  form  the  dorsal  aorta. 
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The  ventral  aorta  runs  vertically  upwards  for  a  short  distance 
in  its  normal  position,  in  front  and  to  the  right  of  the  trachea; 
it  then  gives  oflf  its  three  branches  quite  close  to  one  another, 
and  almost  from  a  common  trunk.  The  transverse  arch  of  the 
aorta,  instead  of  crossing  in  front  of  the  trachea,  runs  backwards 
round  the  right  side  of  that  tube  and  of  the  oesophagus  untU  it 
reaches  the  back,  where  it  joins  the  ductus  arteriosus  to  form 
the  dorsal  aorta.  In  its  course  it  arches  over  the  root  of  the 
right  lung,  and  the  right  recurrent  laryngeal  nerve  loops  under 
it  from  behind  forwards,  or  from  right  to  left.  The  branches 
are  given  ofif  in  the  inverse  order  to  the  normal. 

The  innominate  and  left  carotid  arteries  are  normal  in  their 
course  and  distribution. 

The  left  subclavian  artery,  after  giving  off  some  minute 
branches  to  the  anterior  left  arm,  passes  between  the  cords  of 
the  brachial  plexus  into  the  axilla  of  the  posterior  left  arm, 
where  it  divides  into  two  synunetrical  branches ;  each  of  th^e, 


R.VA&dS 
IMMOMIMATE 


L  CAROTID 

L.SOBCLAV)AK( 

VA&US  t5  *RECURI?ENT 
lAUYNGEAt 
DUCTUS  ARTfRI0SU5 

L.TUiroONARY 
ARTCKY 

R-TUtMOWftUY 
ARTeRV 


FiQ.  10. — Heart  and  great  vessels  from  in  front. 


after  a  short  course,  divides  into  two,  to  accompany  the  musculo- 
spiral  and  circumflex  nerves  of  each  side  of  this  extremity.  It 
will  thus  be  seen  that  the  vascular  supply  of  the  posterior  left 
arm  is  effected  through  two  posterior  circumflex  and  t'wo  supe- 
rior profunda  arteries. 
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The  two  extensor  surfaces  of  the  foreann  are  supplied  by  two 
posterior  interosseous  atiieriee,  which  are  couttnuations  of  the 
BQperior  profunda. 

The  abdominal  aorta  is  nonnal  until  ita  bifurcation,  where  it 
divides  into  a  lai^e  right  and  a  small  left  branch. 

The  large  right  common  iliac  divides  into  a  large  internal 
and  a  small  external  Iliac,  the  latter  of  which  pursues  a  normal 
course  into  the  right  leg.    The  lai^  internal  iliac,  after  giving 
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Fig.  11. — Groat  vessels  from  behind. 

off  branches  to  supply  the  whole  of  the  pelvis,  and  some  minute 
twiga  to  the  anterior  left  leg,  is  continued  up  to  the  umbilicus  as 
a  single  hypc^astric  artery. 

The  left  common  iliac  does  not  divide  into  external  and 
internal  trunks,  but  is  continued  into  the  posterior  left  leg  with 
the  obturator  nerve,  and  through  the  incomplete  obturator 
foramen ;  soon  after  this  it  joins  the  long  Baphenous  vein,  which 
it  accompanies  down  the  inner  side  of  the  thigh  and  1^,  giving 
off  branches  which  do  not  seem  to  correspond  to  any  of  the 
named  arteries  of  the  lower  extremity. 

The  veins  of  the  posterior  left  upper  extremity  unite  into  a 
single  cephalic  vein,  which  runs  up  the  front  of  the  arm,  lying 
in.  the  median  line  between  the  two  pectorals.  It  passes  over 
the  clavicle  of  this  extremity  and  opens  into  the  internal 
jugular  of  the  left  side,  after  receiving  the  external  jugular. 
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The  blood  from  the  posterior  left  lower  limb  U  retnmed  by 
two  veinB,  a  femoral  and  a  long  saphenoua. 

The  femoral  comes  from  the  deep  parte  of  the  thigh,  and  rnna 
throi^  Scarpa's  triangle,  to  join  the  saphenous  in  the  pelviB, 
thus  forming  the  r^ht  iliac  vein. 

The  saphenous  commences  close  to  the  internal  malleolus, 
and  runs  upwards,  accompanyit^  the  artei;  already  described, 


Fio.  12.— Abdominal 


and  ita  branches. 


through  the  imperfect  obturator  foramen,  to  open  into  the  iliac. 
The  other  veins  of  the  body,  as  far  as  was  observed,  were 
normal. 

With  regard  to  other  recorded  oases  resemblii^  this,  my  study 
of  the  literature  of  the  subject  has  not  been  very  soccesefui. 
Otto  ^  treats  fully  of  anencephaly,  but  there  is  no  record  of  any 
case  resembling  this.  Fiirster'  figures  a  specimen  of  dioephalus 
tribrachius,  in  which  the  intermediate  lower  limb  is  double  in  its 
lower  part,  there  being  four  toes  on  each  side,  with  the  b^  toe 

*  M/mstrorum  Sex  ffumanonim.  AnalimUca  et  Phytiologiea  diaqtoMio. 

*  MiisbilduTigat  da  Mensdien,  TaC  vi.  fig.  C. 


ANATOUY  OF  AN  ANENCEPHALOUS  EtETUS.  257 

single  and  common  to  bol^  The  toes,  however,  are  sot  opposed 
to  one  another.  Ahlfeld  ^  figures  a  double  foot  in  which  the  toes 
are  as  opposed  as  in  &e  present  casa    He  also  gives  a  picture 


Via.  IS. — Inner  ride  of  tbe  left  posterior  thigh. 

of  two  fused  arms  from  a  dicephalue  tribrachius,  in  which  the 
alus  is  single  and  the  radius  double.'  The  gap  in  the  thoracic 
■vf&U  is  also  indicated  by  him  in  another  case.' 

Cleland*  lays  down  the  law  "that  in  cases  of  the  supernu- 
merary 1^  connected  with  the  sacrum  or  the  perineom,  the 
legs  developed  as  the  proper  legs  of  the  animal  belong  originally 
to  two  different  pelvises,  being  the  right  limb  of  a  right  pelvis  and 
the  left  of  a  left"    It  has  been  su^ested  that  the  left  Anterior 

*  AOat  at  die  UUabUdangm.  da  MenacKm,  ttX.  xx..  fig.  2. 

*  Ibid.,  Tkt  zi.  fig.  4.  ■  Ibid.,  Tat  ixx.  fig.  11. 

*  Froc  Fhit.  Soe.,  OUsgow,  188fi. 
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aborted  limbs  and  the  right  half  of  the  fused  limbs  of  this 
specimen  represent  the  parasitic  fcBtns;  but  the  study  of  the 
bones,  the  kidneys,  and  the  nerve  supply  makes  me  incline  to 
the  view  that  the  fused  left  posterior  extremities  are  the  repre- 
sentatives of  the  parasitic  foetus. 

In  conclusion,  I  wish  to  express  my  indebtedness  to  my 
friend,  Mr  M.  A.  Teale,  for  his  kindness  in  preparing  the  greater 
number  of  the  diagrams  and  sketches  which  illustrate  this 
paper. 


THE  INFLUENCE  OF  A  PREVIOUS  SIEE. 
By  A.  L.  Bell,  M.D.,  Dunfermline, 

Fob  generations  past  it  has  been  believed  and  tacitly  acknow- 
ledged by  many  honest  observers  that  the  progeny  of  one  sire 
may  be  influenced  in  colour,  formation,  or  other  outstanding 
characteristic  by  a  previous  sire  by  which  the  mother  has  pro- 
duced offspring,  until,  at  the  present  day,  it  constitutes  one  of 
the  fundamental  beliefs  that  such  is  actually  the  case.    For 
example,  it  is  firmly  believed  by  veterinarians  and  horse-breeders  . 
generally  that  it  a  thoroughbred  mare  have  a  foal  by  a  work- 
horse or  a  stallion  of  a  different  breed  from  herself,  she  is  spoiled 
for  ever  for  breeding  purposes,  because,  even  to  a  thoroughbred 
stallion  she  will  produce  foals  with  a  trace  of  impurity  derived 
from  the  aUen  sire  of  her  previous  foaL    There  are  several  well- 
known  cases  often  quoted  in  support  of  this  behef.    In  the  often 
quoted  case  recorded  by  Lord  Morton,  a  seven-parts  bred  chest- 
nut mare  was  served  by  a  Quagga,  the  result  being  a  hybrid 
foal  resembling  the  Qua^a,  especially  in  having  stripes  on 
the  body,  this  being  only  what  was  to  be  expected  from  the 
way  in  which  the  foal  was  bred.    Next  year,  and  two  following 
years  as  well,  the  same  mare  was  put  to  a  black  Arabian  stallion, 
and  the  foals  by  this  sire  also  showed  traces  of  the  Quagga  "  in 
the  possession  of  body  stripes  and  bars  on  the  legs."  ^    It  seems 
strange  that  in  this  instance  the  bars  on  the  legs  should  be  referred 
to  the  influence  of  the  Quagga,  seeing  that  the  Quagga,  though 
striped  on  the  hody,  has  no  leg-stripes,  as  the  Zebra  has. 

In  a  second  case,  that  of  "Greyfriar,"  a  race-horse  got 
by  "Hermit,"  a  thoroughbred,  out  of  "Perseverance,"  also  a 
thoroughbred,  his  grey  colour  is  said  to  have  been  due  to  the 
influence  of  a  grey  horse  by  which  Greyf  riar's  dam  had  produced 
a  foal  the  year  before.  But  as  Perseverance  was  herself  a  grey, 
having  thrown  back  a  long  way  to  a  grey  ancestor,  the  case  may 
be  dismissed  as  valueless  in  reference  to  this  subject. 

*  Philoaophieal  TranaacHons,  1821,  page  20.    Darwin's  Origin  of  Species, 
chap.  ▼.  page  129. 
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There  are  many  other  instances,  more  or  less  marked  and 
recorded,  with  more  or  less  conciseness  and  detail  For  instance, 
M'Gillivray  reports  a  case  quoted  by  Dr  Alexander  Harvey  in 
the  Aberdeen  Jawmod,  of  28th  March  1849,  as  follows :  "  A  mare 
belonging  to  Sir  Gore  Oiiseley  was  covered  by  a  Zebra  and  gave 
birth  to  a  hybrid.  The  year  following,  the  same  mare  was 
covered  by  a  thoroughbred  stallion,  and  next  year  by  another 
horse.  Both  the  foals  thus  produced  were  striped,  t.^.,  partook 
of  the  characters  of  the  Zebra." 

This  is,  in  all  probability,  the  case  of  Lord  Morton's  chestnut 
Arab  mare,  which  became  the  property  of  Sir  Gore  Ouseley  after 
bearing  a  foal  to  a  Quagga.^  However  that  may  be,  the  case 
is  described  in  a  slip-shod  fashion ;  no  account  of  the  mare's 
breeding  is  given  by  M'Gillivray ;  and  there  is  another  objection, 
to  which  I  shall  refer  in  criticising  Lord  Morton's  case. 

In  a  case  referred  to  by  Dr  Harvey,  a  healthy  woman  was 
twice  married ;  her  first  husband  was  scrofulous,  as  were  her 
children.    The  second  husband  was  perfectly  healthy,  and,  so  far 
as  was  known,  had  no  trace  of  scrofula,  yet  the  children  bom  to 
him  by  the  widow  of  the  scrofulous  husband  were  tainted  dis- 
tinctly with  scrofula ;  and  it  is  explained  that  the  first  husbead 
not  only  tainted  his  own  children,  but  impressed  his  taint  on 
subsequent  offspring  not  his  own.    But  it  is  more  probable,  in 
this  case,  that  the  scrofula  was  a  form  of  syphilis,  or,  as  Harvey 
himself  says,  "  the  wife  may  have  imbibed  the  virus  in  a  laJU^ 
form,  and  subsequently  contaminated  the  children  of  the  second 
husband,"  2 

Harvey  quotes  also  a  case  which  was  reported  to  him  from 
the  Island  of  Grenada,  where  certain  ewes,  themselves  white  and 
TvooUy,  were  served  by  a  ram  of  a  chocolate  colour  and  having  a 
hairy  or  coarse  fleece.  The  year  following  they  were  served  by 
a  ram  of  their  own  breed,  "but  the  progeny  showed  distinct 
marks  of  resemblance  to  the  first  sire."  Besides  the  imperfect 
description  of  the  "  marks  of  resemblance,'*  and  the  absence  of 
any  details  as  to  the  pedigree  of  the  ewes,  it  is  not  made  clear 
that  the  ewes  were  guarded  from  the  intrusions  of  the  "  chocolate 
coloured  ram  "  during  the  second  breeding  season.     It  is  well 

'  See  Philosophical  Transactions,  1821,  page  20. 

*  MonUdy  Journal  of  Medical  Science,  September  1849,  p.  1136. 
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known  to  sheep-breeders  that  rams  will  travel  long  distances  to 
fulfil  their  destiny  with  ewes  in  season. 

There  is  yet  another  case  which  I  have  seen  put  down  and 
heard  related,  but  cannot  tell  who  is  the  author.  I  refer  to  the 
instance  of  a  white  woman  whose  first  husband  was  a  negro,  and 
who  afterwards  married  a  white  man.  She  bore  children  to 
both  husbands,  and  it  is  stated  that  the  children  of  her  second 
husband  possessed  negro  characteristics  due  to  the  influence  of 
the  first  husband. 

To  account  for  the  influence  of  a  previous  sire,  there  are  two 
theories  put  forward.    Firsts  that  the  spermatozoa  of  the  first 
sire  pass  up  the  Fallopian  Tubes  to  the  ovaries  and  are  absorbed 
by  the  unripe  ova  contained  therein ;  and  that  these  sperms, 
though  of  insufficient  power  to  fertilise  the  unripe  ovum,  have 
yet  sufficient  power  to  alter  the  development  of  that  ovum 
subsequently  when  it  is  fertilised  by  the  spermatozoa  of  the 
second  sire.    I  think  it  is  admitted  that  the  life  of  the  sperma- 
tozoa is  limited  to  a  few  hours  or  days  at  the  longest,  and  that 
their  powers  of  fertilising  exist  only  during  their  life.    When  a 
spermatozoon  is  absorbed  into  an  unripe  ovum,  it  must  surely 
die,  so  far  as  its  individual  existence  is  concerned,  by  becoming 
part  of   tihe  ovum.    It  seems  to  me  incredible  that  a  dead 
sperm  can  exert  any  influence  on  the  development  of  an  ovum 
by  which   it  was  absorbed  months  before,  unless  the  ovum 
possesses   some  special  power  of  preserving,  not  only  its  ovm 
UdeiU  'power ^  but  the  potency  of  the  sperm  on  which  it  depends 
for  the  special  growth  intended  by  nature. 

The  second  explanation  of  this  supposed  influence  of  a  previous 
sire  is,  that  there  is  an  interchange  of  constituent  parts  of  the 
foetal    and   maternal    blood-currents.    The  exact   amount    of 
interchange  between  the  two  currents  is  not  defined.    We  know 
ih&t^  on  the  one  hand,  certain  constituents  of  the  mother's  blood 
connected  with  the  nutrition  of  the  foetus  and  oxygenation  of 
the  foetal  blood,  pass  from  the  mother's  blood  to  that  of  the 
foetus ;  and,  on  the  other  hand,  that  certain  constituents  of  the 
foetal  blood  connected  with  the  removal  of  effete  and  excre- 
mentitious  products  pass  from  the  fcBtus  to  the  maternal  blood- 
current  by  means  of  the  placenta.    It  is  asserted  that  some 
part   of    the  foetal  blood  enters  the  maternal  circulation,  not 
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perhaps  as  blood,  but  in  one  f onn  or  other ;  but,  at  any  rate,  in 
whatever  form  it  may  enter  the  maternal  blood,  it  is  asserted 
that  the  foetal  element  thus  given  up  to  the  mother  is  kept  by 
her  and  enables  the  mother  to  impress  the  characteristics  of  the 
offspring  of  a  previous  sire  on  subsequent  offspring  got  by  a 
different  sire;  that  is  to  say,  the  first  sire  impresses  his  own 
offspring  with  certain  of  his  own  characteristics ;  the  offspring 
of  this  sire  impresses  the  mother  through  the  blood-current ;  the 
mother,  in  turn,  transmits  the  peculiarities  of  the  first  sire  to  her 
subsequent  progeny  by  means  of  the  blood  element  she  is  said 
to  have  received  from  her  first  offspring.  Let  us  suppose  for  a 
moment  that  this  influence  of  a  previous  sire  exists  in  fact,  and 
that  the  explanation  here  quoted  is  the  correct  ona  We  are 
driven,  then,  of  necessity  to  the  conclusion :  1st,  That  the  fcetns 
actually  gives  up  to  the  mother,  besides  the  waste  products,  some 
essential  part  of  its  blood,  carrying  with  it  the  key  to  hereditary 
transmission,  for  it  is  impossible  that  the  effete  material  passed 
from  the  foetus  to  the  mother  can  carry  any  such  power.  2nd, 
If  so,  then  the  blood  of  the  mother  must  become  more  and  more 
mixed  with  each  succeeding  pregnancy,  and  be  liable  therefore 
to  impress  on  her  offspring  the  peculiarities,  not  of  one  sire  only, 
but  of  every  previous  sire  to  whom  she  has  borne  offspring.  It  is 
impossible  adequately  to  comprehend  where  such  a  theory  would 
lead  us.  It  is  fortunately  not  necessary  now  to  discuss  the 
ultimate  ramifications  of  such  a  far-reaching  and,  as  it  seems  to 
me,  unnatural  process,  so  utterly  at  variance  with  what  we  know 
of  the  definiteness  of  the  physiology  of  nature. 

The  theory  which  was  at  one  time  advanced  by  M'GiUivray 
in  the  Monthly  Journal  of  Medical  Science  for  October  1850, 
that  the  influence  of  a  previous  sire  was  due  to  an  actual  transfer 
of  blood  from  the  foetus  to  the  mother,  cannot  be  entertained, 
because  it  has  been  proved  beyond  cavil  or  dispute  that  in 
ordinary  circumstances,  at  least,  no  commingling  of  the  maternal 
and  foetal  currents  can  take  place,  and  that  the  two  currents  are 
not  only  distinct  from  each  other  at  first,  but  remain  so  up  to 
the  very  end  of  pregnancy.  The  two  Hunters  were  the  first  to 
enunciate  that  there  was  no  commingling  of  the  two  currents, 
the  placenta  acting  as  the  means  by  which  the  blood  of  the 
foetus  is  oxygenated  by  indirect  contact  with  the  blood  of  the 
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mother,  but  also  as  a  channel  through  which  material  for  the 
building-up  of  the  foetal  tissues  is  supplied  and  effete  matter 
removed.    The  Himterian  view  of  the  structure  of  the  placenta 
is  that  almost  universally  entertained.     Dr  John  Reid  and 
Professor  Groodsir's  researches,  as  well  as  those  of  Sir  William 
Turner  on  the  Structure  of  the  Placenta,  have  proved  that  the 
connection  of    the   two  currents  is    indirect.    In  Majendie's 
Physiology,  2nd  ed.,  p.  509,  it  is  stated  that  "  when  a  pregnant 
female  dies  of  haemorrhage,  the  foetal  vessels  remain  fulL"    In 
curious  contrast  to  this  statement  is  the  case  quoted  by  Dr 
Alexander  Harvey  in  the  Monthly  Journal  of  Medical  Science  for 
October  1850  :-^"  A  pregnant  cow  was  seized  with  bleeding  from 
the  lungs ;  the  bleeding  continued  till  the  cow  died  after  a  certain 
number  of  days  " — the  exact  number  of  days  is  not  stated.    After 
death  the  foetal  blood-vessels  were  almost  empty  like  the  mother'^, 
and  it  was  sought  to  argue  that  the  connection  between  the  two 
vascular  systems  was  direct,  and  that  draining  the  maternal 
vessels  meant  draining  the  foetal  vessels  as  well.    But  it  does 
not  appear  so  remarkable  when  it  is  considered  that  the  mother 
bled  slowly  to  death,  living  for  a  number  of  days,  in  the  course 
of  which  the  foetus  was  practically  starved  to  death,  the  blood 
being  used  up  and  changed  in  character,  so  that  the  vessels  were 
empty  just  as  they  would  have  been  after  ordinary  death  from 
starvation.    So  that,  in  ordinary  circumstances,  the  influence 
which  is  claimed  on  behalf  of  a  previous  sire  cannot  be  derived 
through  the  foetal  blood  entering  the  maternal  current  as  blood. 
But,  though  I  have  never  seen  such  a  case  stated,  I  can  readily 
understand  how  a  direct  connection  might  be  brought  about  in 
certain  abnormal  conditions  of  the  placenta.    For  example,  if  the 
thin  membrane  which  ordinarily  separates  the  foetal  from  the 
maternal  blood  were  to  give  way,  foetal  blood,  as  bloody  would 
undoubtedly  mix  with  the  maternal  blood,  locally  at  least.    But 
we  have  no  means  of  knowing  whether,  in  such  circumstances,  the 
foetal  blood  thus  introduced  into  the  maternal  current  would  be 
treated  by  the  maternal  system  as  an  effete  substance  from  the 
foetus  and  eliminated  as  speedily  as  possible,  or  would  be  taken 
into  the  mother's  system  as  a  matter  of  course,  there  to  become 
part  and  parcel  of  the  maternal  blood  current,  or  kept  there  for 
long  afterwards,  to  act  during  a  subsequent  pregnancy  as  a  kmd 
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of  ferment,  giving  to  the  mother's  blood  the  power  of  impressiog 
on  subeeqnent  progeny  the  characteristics  of  the  foetus  from 
which  the  alien  element  in  her  blood  was  originally  derived. 
It  was  held  by  Prevost  and  Dumas  that  the  blood  corpufidee 
of  the  fcBtus,  especially  in  the  later  stages,  are  larger  and  of 
a  different  shape  as  compared  with  those  of  the  maternal  blood, 
so  that  it  is  probable  that  in  such  circumstances,  if  the  foetal 
blood  enters  the  maternal  current,  it  will  be  rapidly  eliminated 
or  changed  without  delay,  till  it  exactly  resembles  the  maternal 
fluid,  losing  its  own  individuality  by  merging  into  the  larger 
and  more  potent  blood  current 

But  though  in  ordinary  circumstances  no  foetal  blood,  as  blood, 
can  pass  into  the  maternal  current,  it  is  claimed  that  one  of  the 
constituent  parts  of  the  foetal  blood,  such  as  the  serum,  may 
do  so  and  carry  with  it  the  potency  which  is  claimed  for  it 
But  then  it  has  never  been  demonstrated  that  the  presence  of 
foetal  blood,  as  Uood^  in  the  maternal  circulation  has  enabled  tiie 
mother  to  hand  on  the  peculiarities  of  the  foetus  to  her  subsequent 
progeny  by  a  different  sire.    And  it  has  certainly  not  been  shown 
that  the  entrance  of  one  of  the  constituent  parts  of  the  foetal 
blood  can  do  so.    If  the  presence  of  foetal  blood,  or  some  con- 
stituent part,  really  confers  this  power  on  the  maternal  blood, 
then  the  transfusion  of  blood  from  a  foetus  carried  by  another 
female,  or,  for  that  matter,  from  an  alien  after  birth  even,  to  tiie 
blood  current  of  a  female,  would  give  this  female  the  same  power 
of  transmitting  the  peculiarities  of  the  alien  whose  blood  she 
received  by  transfusion,  to  her  progeny.     It  has  been  supposed 
that  the  process  of  hereditary  transmission  resembles  the  trans- 
mission by  a  female  of  acquired  syphilis  to  her  progeny.   I  cannot 
help  thinking  that  the  transmission  of  hereditary  peculiarities  is 
a  very  different  process  to  the  passing  of  the  syphilitic  poison 
from  the  mother  to  her  offspring  while  in  tUero.    The  latter  is 
merely  a  contamination  of  the  foetus  by  the  diseased  mother,  the 
process  being  on  all  fours  with  the  passage  of  an  active  poiBoa 
like  strychnia  from  the  mother's  blood  to  that  of  the  foetus. 
The  transmission  by  heredity  is  on  a  much  higher  plane,  and, is 
as  yet  almost  a  sealed  book,  so  imperfectly  understood  is  the 
process.    It  has  never  been  demonstrated  wherein  lies  the  germ 
or  potentiality  of  hereditary  transmission.    It  is  manifest,  how- 
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ever,  that  at  any  rate  the  spermatozoa  and  the  ova  have  the 
power  of  handing  down  the  characteristics  of  the  male  and 
female  respectively  which  produced  them,  to  the  organism  result- 
ing from  the  union  of  these  elementa  Whether  the  blood,  or 
one  of  its  constituent  parts,  possesses  the  power  of  carrying  the 
hereditary  essence  is,  to  say  the  least,  very  uncertain.  It  is  far 
more  probable  that  the  male  and  female  germs  alone  possess 
this  power,  and  that  quite  independently  of  the  blood  of  the  male 
and  female  by  whom  these  germs  are  produced.  The  blood,  to 
all  appearance  acts  as  a  nutrient  pabulum,  and  there  is  every 
probability  that  the  blood  has  no  other  function  in  life  than 
simply  to  nourish  the  tissues  and  structures  which  are  brought 
into  contact  with  it. 

It  must  be  remembered  that  the  claim,  which  is  made  by 

those  who  believe  in  the  existence  of  such  an  influence  from  a 

previous  sire  through  the  blood,  not  only  depends  on  the  action 

of  some  part  of  the  foetal  blood  which  has  been  taken  into  the 

maternal  blood  current,  but  implies  that  this  action  is  exerted  in 

every  case  weeks,  months,  and  years  after  the  interchange  which 

is  said  to  take  place  has  been  accomplished.    Short  of  absolute 

proof,  which  has  never  been  adduced,  I  am  constrained  to 

conclude  that  there  is  not  even  a  reasonable  probability  of  the 

existence  of  such  an  influence,  while  no  proof  whatever  has  been 

brought  forward  to  show  that  the  blood  in  any  case  has  the  power 

of  hereditary  transmission.    And  yet  the  theory  having  been 

put  forward  as  a  positive  fact,  and  accepted  as  such,  any  proof  to 

the  contrary  must  of  necessity  be  negative  proof,  and  it  requires 

an  immense  accumulation  of  negative  proof  to  overthrow  even  a 

mistaken  theory ;  but  this  is  away  from  the  point  at  issue. 

Though  there  is  no  direct  communication  between  the  vascular 

systems  of  the  foetus  and  that  of  the  mother,  still  the  connection 

of  the  foetus  with  the  mother  is  so  intimate  by  means  of  the 

placenta,  where  the  two  systems  are  really  dovetailed  into  each 

other,  that  any  active  poison  introduced  into  either  system  will 

undoubtedly  poison  both  organisms,  provided  the   circulation 

eontiuue  long  enough  to  carry  the  poison  to  both.   If,  for  example, 

the  blood  of  the  mother  be  poisoned,  that  of  the  foetus  will 

very  soon  be  poisoned  as  well,  provided  always  that  the  mother 

does  not  die  before  the  poison  has  time  to  reach  the  placenta, 

VOL.  XXX.  (N.S.  VOL.  X.)  S 


266  DB  A.  L.  BELL. 

and  through  it  the  fcetua  If  the  mother  died  very  quickly,  the 
foetus  would  not  die  from  poison,  but  simply  from  suffocatioa 
It  was  for  a  long  time  believed  that  **  poisons  injected  into  the 
umbilical  arteries,  although  mixing  with  the  blood  on  its  way 
from  the  foetus  to  the  placenta,  do  not  aflTect  the  mother."^ 
"  I  have  often  injected  very  active  poisons  into  the  vessels  of  the 
cord,  but  have  never  seen  the  mother  suffer."'  But  this  teaching 
was  proved  to  be  entirely  erroneous  by  Sir  William  Savory.^ 
It  is  probable,  in  the  light  of  Savory's  experiments,  that  the 
injections  of  poison,  as  performed  by  Majendie  and  Williams  of 
Liverpool,  were  so  powerful  that  they  killed  the  foetus  almost 
instantaneously,  stopping  the  foetal  circulation  and  thus  prevent- 
ing the  poison  ever  reachiug  the  placenta,  and  through  it  the 
mother's  blood. 

Sir  William  Savory  experimented  on  pregnant  cats,  rabbits, 
and  dogs,  and  his  experiments  were  not  only  complete  and 
thorough,  but  quite  conclusively  proved  that ''  such  a  poison  as 
strychnia  introduced  into  the  chest  or  abdomen  of  a  live  foetus 
will  certainly  reach  the  blood  of  the  mother,  if  the  foetus  Uve 
long  enough  to  send  the  poison  to  the  placenta,  in  which  it  is 
absorbed  by  the  maternal  blood."    Savory  put  the  pr^nant 
mother  under  chloroform,  opened  the  abdomen  and  uterus,  and 
then  gently  withdrew  one  or  more  of  the  foetuses,  takii^  gi*^ 
care  not  to  injure  the  cOtd.     He  then  injected  a  grain  of 
strychnia  in  solution  into  the  chest  or  abdomen  of  several  of  the 
foetuses  and  returned  them  to  the  uterus,  which  was  closed  by 
means  of  sutures.     Convulsions  set  in  almost  at  onoe   in  the 
foetuses,  and,  after  an  interval  of  from  twenty-five  to   thirty 
minutes,  these  seizures  commenced  in  the  mother,  who  was  kept 
steadily  under  chloroform,  and  death  resulted  from  the  poison 
in  every  case,  though  in  one  instance  Savory  put  the  mother  at 
rest  by  anticipating  the  poisoa    An  interesting  fact  was  noted 
in  one  of  these  experiments :  "  the  foetuses  were  alive  after  the 
mother  expired,  though  they  had  been  convulsed  almost  from  the 
moment  of  injection."    The  expletnation  offered  by  Savory  is 
that  the  mother  died  from  asphyxia  chiefly,  but  the  foetuses,  not 

^  Alison  in  Cyc,  of  Prac.  Med. ,  toI.  i  p.  88. 
'  Majendie  in  his  Compendium  qf  Physiology. 
*  Lancet,  Ap.  1858,  p.  68. 
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being  dependent  on  the  action  of  the  respiratory  muscles,  died 
more  slowly  from  sheer  exhaustion.  In  the  last  experiment  on 
a  pr^nant  bitch  near  full  term,  the  foetuses  were  placed,  after 
the  injection  of  the  strychnia,  in  a  basin  of  water  at  a  temperature 
of  100**,  and  quite  clear  of  the  mother ;  but  the  results  were  just 
the  same,  proving  quite  conclusively  that  poisons  pass  from  the 
foetal  circulation  to  that  of  the  mother  no  less  certainly  than  in 
an  opposite  direction.^ 

The  length  of  time  elapsing  between  the  introduction  of  the 
poison  to  tiie  body  of  the  foetus  and  the  onset  of  convulsions  in 
the  mother  bears  out  the  conclusion  that  there  is  no  direct 
connection  between  the  two  vascular  systems,  else  th«  convul- 
sions would  have  seized  the  mother  almost  immediately  after 
the  injection  of  the  foetus,  but  these  experiments  go  further,  and 
show  the  possibility  at  least  of  some  part  of  the  foetal  blood 
passing  into  the  maternal  circulation  during  gestation. 

Unfortunately  they  leave  untouched  the  great  question  to 
which  I  have  already  referred,  as  to  whether  the  foetal  blood  or 
any  part  of  it  actually  possesses  the  power  that  has  been  theoreti- 
cally claimed  for  it. 

Tlie  passage  of  such  a  poison  as  strychnia  from  the  foetus  to 
the  mother  seems  to  me  to  be  analogous  to  the  removal  of  e£fete 
or  excrementitious  matter  in  the  same  direction,  the  passage  of 
carbonic  acid,  for  example,  from  the  blood  of  the  foetus  to  that 
of  the  mother  in  the  placenta. 

I   cannot    believe  that   one  sire  can  influence  subsequent 

progeny,   unless   the  most  absolute  proof  be  forthcoming,  or 

iDBtaxtcea   be  quoted  of  the  most  reliable  nature,  where   the 

evidence    is  so  indisputable  that    it  cannot    be  gainsaid.     I 

question  the  passage  of  any  part  of  the  foetal  blood  to  the 

maternal  current,  and  especially  I  disbelieve  in  the  theory  that 

tiie  fcBtal  blood  possesses  the  power  to  impress  the  mother  with 

the  peculiarities  of  the  foetus,  so  that  she  can  transmit  them  to 

sabsequent  offspring.    In  vtero  the  foetus  occupies,  relatively  to 

the  mother  from  a  nutritive  point  of  view,  the  position  of  a 

parasite,  much  the  same  as  the  relation  of  the  mistletoe  to  the 

oak.      TVlien  the  statement  is  made  that  an  unborn  child  can 

eo  impress  the  mother  and  change  her  blood,  that  she  can  after- 

1  Ikmeei,  Ap.  17, 1858,  ''Savory  on  Poiaoniug  the  Foetus.." 
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wards  impress  the  characteristics  of  this  same  mibom  child  on 
her  subsequent  progeny,  it  seems  to  me  as  wHd  and  impossible 
as  if  it  were  to  be  stated  that  a  mistletoe  could  alter  the  develop- 
ment and  characters  of  the  oaks  which  will  spring  from  the 
acorns  produced  by  the  tree  from  which  the  mistletoe  drew 
nutriment  and  support 

The  experiments  of  M.  Flourens  of  feeding  a  gravid  pig  with 
madder,  showed  that  the  bones  of  the  foetus  were  afterwards 
coloured^  But  this  does  not  prove  more  than  was  already 
known,  namely,  that  certain  materials  contained  in  the  mother's 
blood  passed  indirectly  to  the  foetus. 

But  the  most  fatal  objection  to  the  recorded  cases,  so  far  as 
their  decisiveness  goes,  seems  to  me  to  lie  in  the  fact  that  in 
no  single  instance  was  the  female  proved  to  begin  with.    In  the 
case  of  Lord  Morton's  mare,  she  was  put  to  the  Quagga  and  next 
year  to  the  Arabian  horse ;  but  for  anything  we  know  to  the 
contrary,  this  particular  mare  would  have  produced  foals  to  this 
Arabian  horse,  showing  stripes  more  or  less  defined,  even  thou^ 
she  had  never  been  served  by  a  Quagga.    The  mare  was  not 
pure  bred,  and  this  gives  another  loophole  for  suspicion.    To 
make  sure  that  the  Quagga  had  actually  exercised  an  influence 
on  the  foal  got  by  the  Arabian,  the  mare  ought  Jird  to  have 
bom  a  foal  to  the  Arabian,  then  one  to  the  Qua^a,  and  a  third 
time  produced  a  foal  by  the  ArabiaiL    The  foals  got  by  the 
Arabian,  one  before  and  the  other  after  the  introduction  of  the 
alien  elements,  could  thus  have  been  compared,  and  any  difference 
of  characteristic  note  observed  at  once.    So  also  in  the  case  of  the 
Negro's  widow  (p.  261),  to  make  even  a  reasonable  probability  of 
the  matter,  the  woman  ought  first  to  have  borne  a  child  to  (not  a 
white  man)  but  tlie  same  white  man  who  was  her  second  husband, 
then  a  child  to  the  negro,  and  again  a  child  to  the  white  man,  whose 
children,  before  and  after  the  production  of  the  half-bred  child  oi 
the  negro  could  then  have  been  compared.    Even  then  there 
would  still  have  been  disturbing  elements  which  would  prevent 
the  acceptance  of  the  theory  as  a  fact,  unless  with  very  strong 
proofs  which  have  not  yet  been  produced.    For  instance,  it  is  no 
uncommon  thing  for  a  white  father  and  mother  to  produce  certaia 
of  their  family  as  dark  and  swarthy  as  any  half-bred  child.     la 

^  Annates  des  Sciences  NcUurelUs,  4th  series,  pp.  12  and  IS. 
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the  case  as  I  heard  it,  there  was  no  guarantee  as  to  the  paternity 
of  the  children  of  the  second  husband ;  and  in  a  case  of  this  kind 
the  greatest  care  would  have  to  be  taken  to  prevent  any  doubts 
as  to  the  paternity,  before  foundiQg  on  a  single  case,  however 
interestiDg,  a  theory  such  as  has  been  already  referred  to,  at 
once  so  startling  and  so  far-reaching  in  its  consequences. 
Darwin  states  that  "  after  twelve  generations,  the  proportion  of 
blood  from  any  one  ancestor  is  1  in  2048,  and  yet  a  tendency  to 
reversion  is  possessed  by  this  remnant  of  foreign  blood."  ^ 

In  the  case  of  the  hybrid  from  the  Quagga  and  the  chestnut 

mare,  the  mere  existence  of  body  and  leg  stripes  and  bars  on  the 

subsequent  offspring,  though  unusual,  proves  very  little,  because 

it  is  known  that  all  the  varieties  of  the  horse  tribe  have  sprung 

from  a  conmion  stock,  and  that  the  extreme^  diversity  of  the 

various  breeds  is  the  result  of  selection,  natural  and  artificial,  and 

of  surroundings.    Darwin  says  in  this  connection :  **  For  myself, 

I  venture  confidently  to  look  back  thousands  and  thousands  of 

generations,  and  I  see  an  animal  striped  like  a  Zebra,  but 

perhaps   otherwise  very  dififerently  constructed,  the  common 

parent   of  our  domestic  horse,  of  the  ass,  the  hemionus,  the 

quagga  and  the  zebra."^     He  goes  on,  further,  on  the  same 

page,  to  say  that  "  there  is  a  tendency  in  the  young  of  each 

successive   generation  to  produce  the   long-lost  characters  of 

ancestors^  and  this  tendency,  from  unknown  causes,  sometimes 

prevails." 

The  stripes  and  bars  to  which  so  much  weight  has  been  given 
in  Lord  Morton's  case,  as  showing  the  Qua^a  taint,  are  found, 
according  to  Darwin  and  other  observers,  in  all  breeds  of  the 
horse,  including  "  a  Belgian  cart  horse,  with  a  double  stripe  on  each 
shoulder  and  leg-bars,  Welsh  ponies,  Norwegian  cobs,  the  Katty- 
war  horses  of  India  described  by  Colonel  Poole."*    It  is  further 
stated  by  Darwin  that  this  undoubted  tendency  to  reversion  is 
most  apt  to  take  place  in  hybrids ;  and  as  the  chestnut  mare  was 
not  pure  bred,  I  do  not  think  it  is  going  far  afield  for  an  explan- 
ation to  assert  that  the  peculiarities  of  the  second  foal  were  due 
solelj  to  reversion  to  an  impure  ancestor  on  the  dam's  side,  as 
represented  by  the  remaining  eighth  part  of  her  breeding, 

^   Origin  of  Species,  chap.  v.  p,  126. 

«  TWrf.,  page  180.  »  Ibid.,  page  128. 
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The  same  thing  has  been  noticed  among  pigeona  If  two 
members  of  diflTerent  breeds  of  pigeons  be  mated  together,  there 
is  a  strong  tendency  to  produce  young  birds  with  the  blue  coloiir 
and  wing-bars  peculiar  to  the  Bock  pigeon,  from  which  all  the 
varieties  of  modern  pigeons  have  come.  This  is  the  case  even  in 
the  hybrids  of  parents  which,  if  mated  with  members  of  their 
own  respective  varieties,  would  breed  true  and  pure,  generation 
after  generation. 

A  Mend  of  mine  who  is  a  large  breeder  of  thoroughbred  horses, 
and  one  of  the  best  judges  of  horses  I  have  ever  known,  wrote 
to  me,  when  I  asked  his  experience  on  the  subject  of  the  Quagga 
foal  theory,  that  "  he  went  once  a  long  way  to  see  such  a  case, 
the  owner  asserting  positively  that  the  foal  in  his  possession 
showed  distinct  traces  of  the  ass,  though  it  was  got  by  a  thorough- 
bred sire,  the  mare  having  produced  a  foal  to  an  ass  the  year 
previous."  It  is  absolutely  impossible  that  this  friend  of  mine 
could  have  missed  any  trace  of  the  ass  to  be  seen  in  the  foal, 
however  faint ;  and  yet  he  told  me  in  his  letter  that  "  the  only 
trace  of  the  ass  about  the  place  was  the  stupidity  of  the  owner 
of  the  foal" 

"Mulatto,"  the  well-known  prize  thoroughbred  stallion, was 
objected  to  when  he  was  placed  first  at  the  North  of  England 
show  some  years  ago,  because  his  dam  had  previously  been  bred 
to  a  work-horse,  and  Mulatto  himself  was  said  to  be  impure  on 
this  account,  and  showed  his  impurity  in  the  size  of  his  hoofs, 
which  were  very  large  for  a  thoroughbred,  so  large  as  to  be  out  of 
proportion  to  the  thickness  of  the  canon  bones.    But  the  sire  of 
Mulatto,  a  pure  thoroughbred  named  Highclerc,  often  got  foctls 
with  large  hoofs,  his  own  being  very  big ;  and  one  horse  called 
Golden  Leaf,  got  by  Highclerc  out  of  a  thoroughbred  mare,  I 
have  myself  seen,  and  he  had  undoubtedly  extra  large  flat  feet. 
In  this  case  there  was  never  any  doubt  or  suspicion  of  a  taiat. 

If  it  be  possible  for  a  sire  to  influence  subsequent  progeny  not 
his  own,  it  is  fair  to  expect  that  he  will  be  able  to  influence 
subsequent  progeny  which  are  his  own ;  so  that  we  ou^t  to  find, 
at  least  in  a  certain  number  of  cases,  the  children  of  the  same 
parents  consecutively  resembling  more  and  more  strongly  their 
father ;  but  so  far  as  I  have  observed,  the  first  child  is  just  as  apt 
to  be  like  the  father  as  any  of  the  later  children.    Of  coarse  it 
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is  evident  that  even  when  a  sperm  is  absorbed  by  an  ovum,  it  is 
possible  that  that  particular  ovum  may  be  thrown  off  without 
being  fertilised,  and  so  in  many  instances  the  example  may  be 
lost ;  but  even  making  allowance  for  such  an  escape,  there  ought 
to  be  a  sufficient  number  of  marked  cases  to  prove  the  injfluence 
of  the  previous  sire  beyond  doubt 

EXPBRIMBNTS. 

Unfortunately,  I  have  not  been  able  to  experiment  with  such  dis- 
tiuct  varieties  as  the  horse  and  the  quagga,  owing  to  the  difficulty  of 
procuring  either  an  ass  or  a  quagga  as  a  sire ;  but  in  the  spring  of  1885 
I  put  a  three-parts  bred  black  maiden  mare  to  a  thoroughbred  horse 
named  "  Peccaniny/'  and  she  produced  a  colt  foal  exactly  the  same  as 
the  sire  in  colour  (a  bright  bay),  and  outstanding  shape  peculiarities. 
Even  the  white  star  on  the  forehead  and  the  white  hind  foot  were 
reproduced,  so  that  I  had  apparently  a  mare  that  was  particularly 
passive,  so  far  as  impressing  her  own  peculiarities  on  her  offspring  was 
concerned.  In  all  the  foals  which  she  bore  I  noticed  the  same  feature, 
not  one  bearing  the  least  resemblance  to  herself.  I  put  her  again,  the 
first  time  she  was  in  use,  ten  days  after  the  birth  of  her  foal,  to 
another  thoroughbred  stallion  named  "Hamilton,"  whose  sire, 
Gladiateur,  won  the  Derby,  and  whose  dam  won  the  Oaks.  The 
result  was  a  dark  brown  filly  foal  the  same  colour  as  the  sire,  but 
having  the  white  heel  marks  on  the  hind  feet  just  visible  and  no 
more.  The  foal  was  like  the  sire  in  the  peculiar  shape  and  formation 
of  the  forelegs,  which  were  too  straight  at  the  knees,  forming  what  is 
known  as  "pig-knee.'*  This  foal  had  no  trace  of  Feccaniny.  Again, 
I  put  the  mare  to  a  thoroughbred  called  "  Heatherbrae,"  a  bright 
bay  with  a  white  star  on  the  forehead,  and  one  white  hind  leg.  The 
result  was  a  filly  foal  very  dark-brown  in  colour,  exactly  the  same 
shade  of  brown  as  Hamilton,  the  previous  sire,  but  having  both  hind 
legs  and  one  forefoot  white,  and  a  white  blaze  down  the  face.  I 
thought  that  here  was  a  case  which  might  possibly  owe  the  colour  to 
the  previous  sire.  But  I  have  seen,  since  the  birth  of  my  foal,  at 
least  one  other  foal  from  a  different  mare,  by  "  Heatherbrae,"  with 
exactly  the  same  markings,  white  hind  legs,  white  forefoot,  and  white 
face.  It  is  more  probable,  therefore,  that  my  foal  obtained  its  colour 
and  markings  thiough  its  own  sire  &om  a  near  ancestor.  A  fourth 
time  I  put  the  mare  to  a  stallion,  this  time  an  American  hackney 
called  "  Planet,"  the  result  being  'a  colt  foal,  brown,  without  white, 
exactly  the  counterpart  of  the  sire.  I  intended  to  put  the  mare  again 
to  "  Heatherbrae,"  and  compare  the  first  foal  got  by  him  with  the  last 
one,  but  unfortunately  I  was  forced  to  destroy  the  mare  owing  to  an 
accident 

From  the  fact  that  mares  breed  only  once  a  year,  I  found  it  more 
convenient  to  make  my  next  experiments  with  dogs,  which  are  of  quite 
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distinct  varieties,  and  breed  very  evenly,  especially  among  the  older 
and  purer  breeds.  I  put  aside  the  offspring  of  allied  breeds,  which 
are  too  apt  to  revert  to  a  comparatively  recent  common  ancestor,  and 
I  selected  only  dogs  and  bitches  of  known  pedigree,  and  of  pure  and 
well-established  breeds.  I  used,  as  the  alien  sire,  only  a  dog  of  a 
variety  as  distinct  and  far  removed  from  the  bitch  as  possible,  thus 
endeavouring  to  eliminate  any  chance  of  the  result  being  due  to  com- 
munity of  ancestry. 

1st.  The  first  trial  I  made  can  hardly  be  considered  a  fair  test, 
because  the  bitch,  a  pure  bred  prize  Irish  Terrier,  Sheila  VL,  did  not 
produce  puppies  by  tibe  Whippet  to  which  I  put  her,  so  that  her  next 
litter  of  two  dogs  and  three  bitches  by  Champion  Breadenhill  were 
unlikely  to  be  influenced  in  any  case,  as  the  spermatozoa  of  the 
Whippet  were  presumably  sterile,  and  possibly  incapable  of  reaching 
the  ovaries. 

2nd.  In  January  1890,  I  put  a  prize  bred  white  English  Terrier 
"  Lively  "  to  "  Leeds  Elect,"  a  pure  white  dog  of  her  own  breed,  and 
winner  of  many  prizes.  The  result  was  two  dogs  and  three  bitches ; 
one  dog  and  two  bitches  pure  white  like  the  parents,  and  one  dog  and 
one  bitch  foul-marked  round  the  eye  and  on  the  cheek,  as  is  often  the 
case  in  litters  of  this  breed.  In  May  following  I  put  her  to  a  prize 
bred  Black  and  Tan  Terrier  "  Captain."  This  breed,  although  named 
English  Terriers  too,  is  not  only  one  of  the  oldest  and  most  distinct 
breeds,  but  is  far  removed  from  community  of  ancestry  with  the 
white  variety.  The  following  period  of  rut  I  put  the  bitch  again  to 
"  Leeds  Elect,"  and  the  result  was  four  dog-puppies  all  pure  white. 
The  alien  was  thus  introduced  between  the  litters  by  "  Leeds  Elect " 
and  the  puppies  compared.  Subsequently  I  put  her  to  "  Champion 
Eclipse,"  a  pure  white  dog  of  her  own  breed,  and  got  a  litter  of  two 
dogs  and  three  bitches,  one  dog  and  two  bitches  pure  white,  and  the 
others  foul-marked  on  the  cheek  and  rump,  a  variety  of  foul-mark 
quite  common  in  the  breed. 

3rd.  Three  years  ago  I  put  a  maiden  Irish  Terrier,  "  Faire  Lass,"  to 
a  prize  bred  pedigreed  dog  of  tlie  same  breed,  named  '*  Craigengillan," 
the  result  being  a  litter  of  seven  pure  bred  puppies,  which  all  died 
before  three  months,  except  one.  The  following  "  period  "  she  "was 
bred  to  a  clumber  Spaniel  of  pure  parents,  and  produced  three  puppies, 
one  dog  and  two  bitches,  flaked  and  marked  with  brown  patches,  with 
white  faces,  white  rings  round  their  necks,  and  in  all  respects  like  the 
mongrels  they  were.  In  the  end  of  October  of  the  same  year  1891, 
I  put  her  to  a  pure  bred  Irish  Terrier  of  my  own,  the  result  being 
seven  puppies,  three  dogs  and  four  bitches,  all  pure  bred  and  without 
flaw  or  any  trace  of  the  alien  sire.  Twice  subsequently,  without 
missing  a  "  period,"  she  produced  puppies  to  the  same  dog,  one  Utter 
of  six,  and  the  other  of  a  single  puppy,  and  in  no  instance  did  I  find 
any  trace  of  the  Spaniel. 

4th.  In  1893,  a  daughter  of  "Faire  Lass"  had  a  litter  of  puppies 
to  a  pure  bred  Irish  Terrier  named  "  Barney."  Next  "  period "  she 
was  served  by  accident  by  a  fox  terrier,  and  had  a  litter  to  him ;  the 
exact  number  I  do  not  know.     I  bought  the  bitch  thereafter,  as  the 
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owner  believed  her  to  be  spoiled  for  breeding,  and  I  put  her  again  to 
"  Barney,"  the  result  being  one  bitch  puppy,  which  is  perfectly  pure 
bred,  and  resembles  strongly  one  of  the  sisters  from  the  dam's  first 
litter. 

The  following  two  cases  were  related  to  me  by  the  owners, 
though  they  did  not  come  under  my  own  eye.  A  cousin  of  my 
own  bred  his  pedigreed  collie  to  a  pure  collie  dog  and  got  a  litter 
of  eight  puppies.  Next  time  she  was  served  by  mischance  by  a 
brindled  lurcher  dog,  and  produced  six  puppies,  all  mongrels. 
Then  she  was  bred,  on  my  advice,  to  a  pure  bred  collie  again, 
but  not  the  same  collie  as  at  first,  as  he  was  not  available.  The 
result  w£ts  a  fine  litter  of  puppies  as  pure  and  free  from  trace  of 
impurity  as  her  first  litter. 

A  Mr  Hutton  in  this  town  keeps  prize  bred  Pouter  pigeons, 
one  of  the  purest  and  best-known  varieties.  Some  years  ago  he 
had  the  misfortune  to  have  his  best  hen  spoiled  by  being  served 
by  a  "  Tumbler  "  cock,  another  pure  and  well-defined  breed.  She 
had  previously  bred  winners  to  a  Pouter  cock.  Undeterred  by 
the  fears  of  breeders,  who  told  him  she  would  never  again  breed 
pure  birds,  Mr  Hutton  put  her  at  once  to  a  Pouter  cock,  and 
continued  to  do  so  for  several  seasons ;  and  he  assures  me  that 
never  once  did  he  have  a  single  foul  bird  from  that  hen,  or  any 
trace  of  the  Tumbler  cock  in  subsequent  nests.  This  hen  bred 
two  young  hybrids  to  the  Tumbler  cock. 

Instances  of  a  white  woman  bearing  children  to  a  Negro  and 
subsequently  to  a  white  man  are  of  necessity  extremely  rare  in 
this  country,  so  that  it  is  very  hard  to  either  prove  or  disprove 
the  American  case  by  producing  a  case  of  the  same  kind.  I  am 
glad  to  say,  however,  that  as  the  result  of  nimierous  inquiries  and 
patient  waiting,  I  am  able  to  put  forward  a  case  exactly  similar. 
It  is  the  more  interesting  and  valuable  that  the  offspring  of  the 
N'egro  and  the  white  man,  from  the  same  white  woman,  can  be 
seen  and  my  facts  verified  by  any  one  who  cares  to  take  the 
trouble. 

Case. — A  white  woman,  with  brown  eyes  and  fair  skin,  by  name 
Ohristina  Jeffreys,  belonging  to  Markinch,  in  the  county  of  Fife, 
Ix>re  a  male  child,  on  1st  November  1831,  to  a  travelling  show- 
man named  Dusoes  or  Deseaux,  a  pure  Negro.  The  child  bears 
txJB  father's  name,  and  is  at  present  working  as  a  mason's  labourer 
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in  Cowdenbeath.  He  is  an  ordinaiy  Mulatto,  with  strongly 
marked  African  features,  black  curly  woolly  hair  and  beard, 
touched  with  grey,  and  having  a  congenital  deformity  of  the 
hands  and  arma  On  the  5th  July  1834,  that  is,  2  years  and  9 
months  after  the  birth  of  the  half-breed,  the  mother  bore  a  child 
to  a  white  man  named  Moyea  The  child's  name  is  Isabella 
Moyes,  and  she  resides  now  in  Markinch,  where  I  saw  and 
examined  her  very  carefully  on  the  10th  October  1895.  She 
is  a  woman  about  5  feet  8  inches  high,  with  bro¥ni  eyes,  fair 
skin,  thin  lips,  straight  well-formed  nose,  longish  face,  with  the 
features  rather  sharp,  and  coarse  black  perfectly  straight  hair; 
the  ears  are  small  and  thin  in  substance.  There  is  not  the 
faintest  trace  of  Negro  blood  in  her  form  or  features.  I  took 
the  dates  of  the  birth  of  these  two  children  from  the  flyleaf  of 
the  mother's  Bible,  which  Isabella  Moyes  kindly  produced  for 
my  inspectioa 
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A  VAEIATION  THAT  OCCURS  IN  THE  MANUBRIUM 
STERNI  OF  HIGHER  PRIMATES.  By  Arthur  Keith, 
M.D.,  F.RC.S.,  Senior  DemoTistrator  of  Anatomy^  London 
Hosfpital  Medical  College* 

Mbckel  (1),  Shepherd  (2),  Arbuthnot    Lane  (3),  Turner  (4), 

Dwight  (5),  and  Paterson  (6),  have  drawn  attention  to  a  variation 

that  occurs  in  the  form  of  the  manvibrium  stemi  of  men  and 

apes.    The  variation  consists  in  the  enlargement  of  the  Trvanvr 

hrium  or  presternum  by  the  addition  of  the  first  meso-stemal 

segment    Stated  in  other  words,  instead  of  the  joint  in  the 

sternum  opposite  the  insertion  of  the  second  costal  cartilages 

persisting,  as  in  the  ordinary  human  form  (Type  I.,  in  the  annexed 

table),  the  joint  opposite  the  third  costal  cartilages  persists,  as 

is  nearly  always  the  case  in  Gibbons — the  hylobatian  form 

(Type  III.).    In  young  adults  an  intermediate  form  occurs,  in 

which  the  joint  opposite  the  third  pair  of  cartilages  is  much 

wider  than  that  opposite  the  second  pair  (Type  II.).    In  the 

fully  adult  stage  of  such  individuals,  the  manubrium  stemi 

becomes  of  the  hylobatian  form.    In  very  rare  cases,  only  the 

joint  opposite  the  fourth  pair  of  cartilages  persists  (Type  IV.). 

At  late  stages  of  life  all  the  joints  of  the  human  sternum  may 

be  obliterated;   this  may  happen  at  earlier  stages  of  life  in 

Gorillas   and    Orangs  (Type    V.).     The   prevalence  of   these 

various  types  of  manubrium  stemi  is  given  in  the  annexed 

table. 

The  percentage  with  which  this  variation  appears  in  Man  is 

almost  impossible  to  estimate — probably  about  1  per  1000.    It 

is  of  much  interest  to  note,  however,  that  at  least  three  out  of 

the  nine  cases  recorded  were  found  in  dark-skinned  people.    It 

occurs  amongst  Gorillas  at  about  20  per  cent.;   Chimpanzees, 

30  per  cent.;  Orangs,  1  per  cent.;  and  in  Gibbons  about  80 

per  cent.     It  is  a  variation  common  to  the  higher  Primates, 

but    occurs  with  widely  varying  frequency  in    the  different 

groups. 


276 


DR  ARTHUR  KEITH. 


If 


nr. 


li^. 


Number  of  Individuaii 

examined :  ^ — 

1)  MaD,^     Number  ? 

25 
26 
23 
88 
19 
16 


2)  Gorilla, 

3)  Chimpanzee, 

4)  Orang, 

5)  Gibbons,     . 

6)  Semnopithecos, 

7)  Macacos,     . 

8)  Ateles  Geoffroyii,  ? 


? 

9 

16 

6 

17 

2 

20 

1 

6 

22 

18 

•  •  • 

16 

•  •  ■ 

•  •  • 

2 


Its  occurrence  in  Man,  I  think,  may  be  regarded   as  the 
persistence  in  a  very  few  individuals  of  a  simian,  or,  more 
properly,  a  hylobatian  character.    The  fact  that  it  apparently 
occurs  more  frequently  in  negroid  people  favours  such  a  view. 
It  is  further  favoured  by  one  of  Arbuthnot  Lane's  cases,  in 
which  a  septal  head  to  the  biceps  of  the  arm  and  a  chondro- 
epUrochlearis  muscle  were  also  present  in  the  same  man.     Both 
these  muscles  find  their  greatest  development  in  Hylobates 
(Gibbons).     There  is  also  the  further  consideration  that  it  is 
almost  impossible  to  account  for  the  present  bodily  structure 
and  method  of  progression  of  Man,  the  Gorilla,  and  Chimpanzee, 
except  by  supposing  that  they  have  passed  through  a  hylobatian 
period  of  existence.     It  is  possible,  however,  that  this  variation 
is  a  character  which  may  have  been  independently  acquired  by 
each  group  of  the  higher  Primates. 

The  prevalence  of  this  form  of  pre-stemum  in  Hylobates  may 
be  taken  as  evidence  that  it  is  for  them  more  advantageous 
than  the  ordinary  or  human  form.  Its  exact  advantage  is  not 
very  evident.     Possibly  it  has  to  do  with  the  great  development 

^  The  material  from  which  the  above  table  was  compiled  is  contained  in  &e 
following  Musemns  : — South  Kensington  Natural  History ;  College  of  Soi^eons, 
England  ;  University  of  Aberdeen  ;  and  University  College,  London.  Besides 
having  material  of  my  own,  I  have  used  that  recorded  by  Dwight,  Deniker, 
Herv^,  Heckel,  Embleton,  TraiU,  Tyson,  Bischoff,  Duvemoy,  and  Anderson. 

'  Besides  the  cases  recorded  by  Meckel,  Shepherd,  &c.,  there  is  one  in  the 
Museum  of  the  Royal  College  of  Surgeons,  England. 
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of  the  pectoralis  major  in  Gibbons.  That  muscle  plays  an 
important  part  in  their  peculiar  method  of  progression  by 
brachiation.  The  greatly  enlarged  pre-stemum  offers  a  wider 
surface  for  the  attachment  of  the  upper  part  of  the  pectoralis 
major.  The  tendon  of  the  sterno-mastoid  also  reaches  on  the 
sternum  to  the  level  of  the  third  pair  of  ribs.  A  large  pre- 
stemum  appears  to  have  been  attained  in  the  Orang,  which  has 
a  method  of  locomotion  very  similar  to  that  of  the  Gibbon,  by  an 
enlargement  of  the  manubrium  without  the  addition  of  a  seg- 
ment of  the  mesoHBtemum. 

The  hylobatian  form  of   pre-stemum  is  to  be  regarded,  I 
think,  as  the  ordinary  manubrium  with  the  first  meso-sternal 


Fio.  1. — Sternum  oiffyldbaUs 
piUcUus  at  birth.     9 


Fio.  2.— Sternam  ofHylobcUes 
lar.     9 


segment  added  to  it  In  fig.  1  ia  represented  the  sternum  of  a 
Hylohaiea  pileatm  at  birth.  It  will  be  noticed  that  four  centres 
have  appeared,  and  that  the  fibrous  septum  which  lies,  in  the 
human  sternum,  opposite  the  insertion  of  the  second  costal 
cartilages,  lies,  in  this  one,  opposite  the  third  pair.  The  shifting 
of  the  fibrous  septum  from  the  level  of  the  second  to  the  level  of 
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the  third  costal  cartilages  implies  a  very  decided  change  in  the 
formation  of  the  manubrial  joint. 

According  to  Albrecht,  and  also  to  Ruge,  the  manubrimn 
sterni  is  a  composite  bone  made  up  of  primal  elements  derived 
from  many  bonea  Albrecht  was  of  opinion  that  it  always  con- 
tcdned  segments  corresponding  to  ribs  belonging  to  the  seventh 
cervical  vertebra.  It  is  evident,  if  ribs  belonging  to  that  verte- 
bra were  present,  that  the  manubrium,  as  in  the  hylobatian 
form,  would  have  2|  pairs  of  ribs  articulating  with  it  on  each 
side.  In  none  of  the  cases  recorded  in  the  above  table  were 
seventh  cervical  ribs  present  No  explanation  of  this  form  of 
manubrium  is  derivable  from  that  source.  Arbuthnot  Lane, 
however,  suggested  that  there  was  a  segment  intercalated  be- 
tween the  dorsal  and  cervical  regions,  and  that  the  extra  piece 
of  the  manubrium  sterni  in  the  hylobatian  form  belonged  to  the 
intercalated  s^ment  There  were  really  eight  cervical  vertebne, 
and  the  eighth  carried  a  rib.  This  theory  was  countenanced  by 
the  presence  of  a  large  strand  from  the  tenth  spinal  nerve  join- 
ing the  brachial  plexus.  Such  an  cuidition  to  the  brachial 
plexus,  however,  is  not  imfrequently  found  when  there  is  no 
reason  to  suppose  that  there  is  an  intercalated  segment  The 
number  of  ribs,  also,  does  not  particularly  favour  Arbuthnot 
Lane's  theory.  Most  frequently  there  is  no  increase  in  the 
number  of  ribs  accompanying  the  hylobatian  form  of  manu- 
brium. In  the  case  recorded  by  him  there  were  thirteen  ribs, 
eight  of  which  reached  the  sternum.  In  two  of  the  other  cases 
recorded  of  Man  there  were  eight  sternal  ribs,  but  only  the 
usual  number  of  twelve  ribs  in  alL  In  the  Grorilla  and  Chim- 
panzee eight  sternal  ribs  occur  more  frequently  in  animals  with 
a  hylobatian  form  of  manubrium  than  with  the  more  usual  form ; 
but  in  Gibbons  neither  the  total  number  of  ribs,  nor  the  number 
of  sternal  ribs,  seem  to  be  affected  by  the  occurrence  of  the 
enlarged  form  of  manubrium.  In  that  genus  the  number  of 
sternal  ribs  varies  from  six  to  eight,  seven  being  the  most 
common.  This  form  of  sternum,  so  far  as  my  material  goes, 
is  not  more  prevalent  in  one  species  of  Hylobates  than  in 
another. 

In  conclusion,  I  beg  to  take  this  occasion  of  acknowledging 
my  indebtedness  to  the  authorities  of  the  South  Kensington 
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Natural  History  Museum,  and  the  Royal  College  of  Surgeons' 
Museum,  England,  for  the  many  liberties  they  have  extended  to 
me.  I  am  also  indebted  to  Professor  Thane  for  references  to 
literature  dealing  with  this  subject 
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FURTHER  NOTES  ON  THE  BRAIN  OF  ORNITHORYN- 
CEUS  PARADOXUS.    By  Professor  Sir  Wm.  Turner. 

SiNCB  the  appearance  of  my  account  of  the  external  characters 
of  the  cerebral  hemispheres  of  Platypus,^  much  additional  and 
valuable  information  on  the  brain  of  this  animal  has  been 
published  by  Johnson  Symington,*  Alex.  Hill,^  and  G.  Elliot 
Smith.^  By  none  of  these  anatomists,  or  indeed,  so  far  as  I 
know,  by  any  previous  writer,  is  a  figure  given  of  the  brain  as 
it  lies  in  the  head. 

In  July  1892  I  received,  through  the  courtesy  of  a  former 
pupil,  Dr  E.  J.  B.  du  Moulin,  residing  at  Dubbo,  New  South 
Wales,  a  well-preserved  head  of  a  Platypus,  which,  immediately 
after  he  had  cut  it  from  the  body,  had  been  immersed  in  rectified 
spirit,  so  that  the  brain  was  hardened  in  situ.  It  reached  me 
in  good  order,  and  the  dissection  was  arranged  to  show  the 
brain  as  it  occupied  the  cranial  cavity,  and  without  displace- 
ment of  its  constituent  parts.  The  drawing  from  which  the 
accompanying  figure  has  been  reproduced  was  made  for  me  two 
years  ago  by  my  pupil,  Mr  G.  A.  Rorie. 

The  right  cerebral  hemisphere  was  31  mm.  long,  the  left  the 
same.  The  lateral  and  superior  cranial  surfaces  of  each  hemi- 
sphere were  marked  with  branching  vascular  furrows,  which 
began  by  a  single  relatively  wide  and  deep  furrow  in  front, 
immediately  behind  the  olfactory  bulb,  branching  repeatedly 
as  it  passed  backwards,  and  the  branches  became  smaller. 
At  the  anterior  end  the  hemispheres  had  the  smallest 
transverse  diameter:  they  widened  from  before  backwards, 
and  reached  their  greatest  width  of  31  mm.  immediately 
in  front  of  the  occipital  condyles.  At  the  posterior  border  of 
the  hemispheres  the  occipital  surface  of  the  cerebellum  was  seen, 

*  J<mmaZ  of  Anatomy  and  Physiology^  voL  xxvi.  p.  857. 

*  Ibid.,  vol.  xxvii.  p.  69,  Oct  1892. 

*  PhiUmphicaX  Transactions,  1898. 

*  Journal  qf  Anatomy  and  Physiology,  voL  xxx.,  Oct.  1895  and  Jan,  1886. 
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and  at  the  poeterior  end  of  the   longitudinal  meBisI  fissure  a 
glimpse  of  the  tentorial  surface  was  obtained ;  bat  the  pineal 
body  and  optio  lobes  were  entirely  concealed. 
The  rhineucephalon  projected  in  front  of  the  anterior  end  of 


1  hemisphere,  and  a  distinct  fissure  on  each  side  separated  it 
£roxn  the  hemisphere ;  the  projection  itself  was  differentiated 
into  two  parte  by  a  constriction.    The  more  posterior  division, 

VOL.  XXX.  (N.S.  vol.  X.)  T 
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4  mm.  long,  is  the  part  which  has  been  previously  figra^d  by 
myself  and  others  as  the  olfactory  bulb ;  it  was  lodged  in  the 
olfactory  recess  at  the  anterior  end  of  the  cranial  cavity;  and  it 
had  a  layer  of  grey  matter  on  the  surface.  The  part  in  front  of 
the  constriction,  5  mm.  long,  seemed  as  if  the  surface  was  formed 
of  white  matter,  and  was  continued  forward  to  the  nose  in  a 
tubular  prolongation  from  the  olfactory  recess.  Apparently  it 
was  the  commencement  of  the  olfactoiy  nerve. 


SOME  OBSEEVATIONS  ON  THE  TOPOGEAPHICAL 
ANATOMY  OF  THE  FOURCHETTR  By  G.  F. 
Blackek,  M.D.,  F.E.C.S.,  Assistant  Obstetric  Physician, 
University  College  Hospital. 

(Read  before  the  Anatomical  Society,  November  22,  1895.) 

The  topographical  anatomy  of  the  female  perineum  is  a  subject 
upon  which  there  exists  a  considerable  amount  of  confusion  in 
the  minds  of  students ;  a  confusion  which  is  increased  by  the 
divergent  statements  and  nomenclature  to  be  found,  even  at  the 
present  time,  in  some  of  the  chief  text-books  of  anatomy. 

The  main  question  upon  which  anatomists  diflfer  is  the  rela- 
tion of  the  fourchette  or  frenulum  pudendi  to  the  labia  minora 
and  labia  majora ;  and  further,  its  relation  to  the  perineum 
proper  and  to  the  fossa  navicularia    There  are  two  views  as  to 
the  anatomy  of  the  fourchette :  the  first  is,  that  it  is  a  fold  of 
skin  uniting  the  posterior  extremities  of  the  labia  majora;  the 
second,  that  it  is  a  fold  of  skin  uniting  the  posterior  extremities 
of  the  labia  minora.    Luschka  was  the  first  to  call  attention  to 
the  two  varieties  of  fourchette ;  his  description  is  as  follows : — 
"The  posterior  extremities  of  the  nymphae  are  not  always 
arranged  in  the  same  way,  as  at  one  time  they  merge  with  the 
inner  surfaces  of  the  labia  majora ;  at  another  time  they  unite 
with  one  another  at  the  anterior  extremity  of  the  perineum. 
In  this  last  case  there  is  present  a  connecting  band, '  frenulum 
vulvae  seu  labiorum,'  which  almost  universally  has  been  called 
a  derivative  of  the  labia  majora.     But  even  in  those  cases  in 
which^the  posterior  ends  of  the  nymphae  seem  to  cease,  one  can 
show  by  traction  on  them  forwards  a  longitudinal  fold  which 
passes  directly  into  the  frenulum." 

Although  Luschka  ^  called  attention  (many  years  ago)  to  the 

two  types  of  fourchette,  yet  it  is  quite  the  exception  to  find  any 

mention  of  the  second  variety  in  most  text-books  of  anatomy; 

an  omission  which  is  the  more  noteworthy  when  we  consider  the 

light  thrown  upon  the  real  nature  of  the  fourchette  by  this 

important,  though  less  common  arrangement  of  the  parts. 

^  Luschka,  Aiuxtomie  des  meiischlichen  Beckena,  S.  407. 
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The  usual  description  of  this  region  is  given  by  Cunningham  ^ 
in  his  Manual  of  Practical  Anatomy,  as  follows : — 

"  The  labia  majora  inclose  an  elliptical  fissure,  which  is  called 
the  pudendal  cleft.  Within  this  fissure  a  slightly  marked  cres- 
centic  fold  of  integument,  stretching  between  the  hinder  parts 
of  the  labia  majora,  will  be  observed.  This  fold  receives  the 
name  of  the  fourchette  or  frenulum  pudendi.  Between  the 
fourchette  and  the  entrance  to  the  vagina  is  a  depression  known 
as  the  fossa  navicularis.'' 

Anyone  who  has  taken  the  trouble  to  observe  the  anatomy 
of  the  female  perineum  will  admit  that  this  is  a  perfectly  correct 
statement  of  the  usual  anatomical  relations  of  the  part. 

A  similar  description  is  to  be  found  in  most  anatomical  works. 
Morris,*  however,  does  not  mention  the  fossa  navicularis  at  all, 
while  Ellis*  places  it  between  the  fourchette  and  what  he 
terms  the  posterior  commissure.  His  description  is :  "  The 
labia  majora  are  united  in  front  and  behind  in  the  anterior 
and  posterior  commissures.  At  the  back  of  the  rima,  ¥rithin 
the  posterior  commissure  of  the  vulva,  is  a  narrow  transverse 
fold  of  the  integument  called  the  fourchette  or  frenulum 
pudendi,  and  to  the  interval  between  the  frenulum  and  the 
commissure  the  name  fossa  navicularis  is  given." 

The  confusion  that  arises  when  the  student  passes  from  his 
anatomical  studies  with  Ellis  to  his  gynaecological,  will  be  at 
once  seen  by  the  following  quotation  from  the  text-book  of 
Gynaecology  that  is  most  commonly  used,  viz.,  that  of  Hart  and 
Barbour.*  These  authors,  speaking  of  the  labia  majora,  say : 
"Superiorly  they  form  by  their  junction  the  structure  known 
as  the  mons  veneris,  while  posteriorly  they  are  a  mere  fold  of 
skin,  known  as  the  fourchette  or  posterior  commissure." 

Of  the  fossa  navicularis  they  say :  "  Usually  the  inner  aspect 
of  the  fourchette  is  in  contact  with  the  outer  and  lower  surface 
of  the  hymen.  When  the  fourchette  is  pulled  back  by  the  finger, 
a  boat-shaped  cavity  is  formed — the  fossa  navicularis." 

^  Curimngham,  ManiMl  of  Practical  Anatomy, 
^  Morris,  Burnan  Anatomy, 

*  Ellis,  Demonstrations  of  Anatomy,  1890. 

*  Hart  and  Barbour,  ManiuU  of  Oynoscology,  4th  edit. 
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Besides  Luschka,  Henle,^  Budin,'  and  Testut^  refer  to  the 
second  variety  of  the  f ourchette. 

Budin  gives  the  following  quotation  from  Sappey: — "The 
posterior  extremities  of  the  nymphae  do  not  usually  pass  the 
transverse  diameter  of  the  vulvar  orifice,  but  lose  themselves 
insensibly  upon  the  sides  of  the  vulva."  Commenting  upon  this, 
Budin  says : — *'  Such  is  the  usual  form  of  the  labia  minora  in  a 
certain  number  of  women ;  in  some,  however,  instead  of  stopping 
a  little  beyond  the  middle  of  the  height  of  the  vulva,  the  labia 
minora  are  prolonged  backwards,  turning  towards  the  middle 
line,  where  they  join  one  another. 

"  While  in  the  usual  condition  the  f ourchette  is  formed  by 
the  labia  majora,  in  the  cases  of  which  we  are  now  speaking  we 
find  from  before  back,  the  vaginal  orifice,  the  fossa  naviculans, 
then  the  fourchette,  constituted  by  the  union  of  the  labia  minora. 
We  have  noticed  this  disposition  in  a  certain  number  of  white 
women,  and  we  have  also  noticed  it  in  a  woman  of  colour." 

There  can  be  no  doubt,  from  the  descriptions  of  Luschka  and 
Budin,  that  two  definite  varieties  of  the  fourchette  exist ;  one 
where  it  is  apparently  a  band  connecting  the  two  labia  majora, 
and  another  where  it  is  formed  by  the  union  in  the  middle  liae 
of  the  posterior  extremities  of  the  labia  minora  or  nymphse. 

With  a  view  to  determining  how  often  these  two  varieties 
occur,  I  have  made  careful  notes  of  the  condition  of  the  perineum 
and  fourchette  in  397  women  attending  my  out-patient  depart- 
ment 

Out  of  this  number,  in  49  I  found  it  was  impossible,  owing  to 
the  extent  to  which  the  perineum  had  been  torn  in  childbirth,  to 
determine  the  anatomical  conditions.  Of  the  remaining  348,  in 
52,  or  14*9  per  cent,  the  fourchette  was  undoubtedly  formed  by 
the  united  posterior  extremities  of  the  la)3ia  minora ;  while  in 
292  it  was  a  fold  of  skin  apparently  uniting  the  posterior 
extremities  of  the  labia  majora. 

In  4  cases  it  joined  the  posterior  extremity  of  the  labium 
xninus  of  one  side,  but  did  not  reach  that  of  the  opposite  side. 
I*ossibly  this  condition  is  the  result  of  a  tear  of  the  perineum, 
and  these  4  cases  should  be  added  to  the  doubtful  ones.    This 

1    Henle,  HcmdXmck  der^syaUm :  Anat.  dea  Mensehen,  1874. 

ndin,  ObsUtrique  d  OffnecolopquCf  1886.     >  Testat,  TraiU  cC Anatomic,  1894. 
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leaves  a  total  number  of  344  women  in  whom  the  anatomy  of 
the  part  could  be  determined  with  exactitude. 

Of  the  344,  45  were  virgins.  Of  this  number,  the  fourchette 
was  of  the  type  usually  described  in  39 ;  while  in  6,  or  13'3 
per  cent.,  it  was  formed  by  the  posterior  extremities  of  the  labia 
minora. 

Of  the  remaining  299  women  who  were  not  virgins,  in  253 
the  fourchette  was  of  the  usual  type;  while  in  46,  or  18  percent, 
it  was  formed  by  the  union  of  the  labia  minora. 

89,  or  35  per  cent.,  of  the  253  who  had  the  usual  type  of 
fourchette,  had  had  no  children;  while  11,  or  24  per  cent.,  of 
those  who  had  a  fourchette  formed  by  the  labia  minora  were 
childless. 

Out  of  the  52  cases  where  the  posterior  extremities  of  the 
labia  minora  united  to  form  the  fourchette,  in  19  they  were 
definitely  hypertrophied,  while  in  the  remaining  33  they  were 

< 

normal,  except  for  their  prolongation  backwards. 

From  these  observations  it  will  be  seen  that  in  14-9  per  cent, 
of  women,  the  fourchette  is  in  direct  continuity  with,  and  is 
actually  formed  by,  the  labia  minora.  In  such  cases  there  is 
usually  no  trace  of  any  second  fold  uniting  the  labia  majora, 
nothing  that  the  term  posterior  commissure  could  be  properly 
applied  to. 

Personally,  I  have  never  seen  any  second  fold;  but  Badin 
describes  one  case  where  there  was  a  cutaneous  fold  joining  the 
labia  minora,  and  a  second  behind  it  joining  the  labia  majora. 

It  will  be  noted  that  the  percentage  of  parous  women,  viz., 
76  per  cent,  as  against  65  per  cent.,  is  rather  higher  amongst 
those  with  the  fourchette  formed  by  the  labia  minora  than 
amongst  those  with  the  usual  type  ;  whether  this  indicates  that 
childbirth  has  anything  to  do  with  the  production  of  the  former 
condition  or  not  remains  to  be  seen.  I  have  not  had  sufficient 
opportunities  of  observing  the  condition  present  in  young  girls 
below  the  age  of  puberty  to  say  whether  this  type  of  fourchette 
is  ever  present  in  them  or  not ;  so  far  I  have  not  seen  it 

It  is  contended  by  Savage,^  Ballantyne,^  Cullingworth  *  and 

^  Savage,  Anatomy  of  FctmlU  Pelvic  Organs, 

^  Ballantyne,  Edin.  Med.  Journal,  1883. 

^  Callingworth,  JoumcU  AnaL  and  Phya,,  vol.  zzTii.,  1893. 
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€k)e  ^  that  the  fourchette  is  a  part  of  the  labia  minora,  and  has 
no  real  relation  with  the  labia  majora.  Coe,  in  his  description 
of  the  anatomy  of  the  part,  says : — "  The  labia  minora  are  not 
lost,  but  reappear  at  the  lower  extremity  of  the  vulva,  where 
they  are  united  by  a  thin  muco-cutaneous  commissure  known  as 
the  fourchette  or  frenulum  pudendi." 

Savage  refers  to  the  fourchette  as  an  apparent  continuation  of 
the  folds  comprising  the  nymphse. 

Ballantyne  has  pointed  out  that  histologically  the  structure 
of  the  fourchette  is  exactly  similar  to  that  of  the  labia  minora, 
and  he  calls  attention  to  the  interesting  fact  that  a  bad  tear  of 
the  perineum  seldom  occurs  in  those  cases  where  the  labia 
minora  are  directly  continued  into  the  fourchette. 

This  latter  observation  of  Ballantyne's  I  can  confirm.  Out  of 
the  52  women  in  whom  the  fourchette  was  formed  by  the  labia 
minora,  86  had  had  children,  and  of  these  only  3,  or  8*5  per  cent., 
had  a  definite  tear  of  the  perineum  beyond  the  inevitable  lacera- 
tion that  usually  occurs ;  of  35  other  women  who  had  the  usual 
type  of  fourchette,  and  who  had  had  children,  no  less  than  14, 
or  40  per  cent.,  had  a  definite  tear  of  the  perineum. 

These  numbers  are,  no  doubt,  only  approximately  correct,  and 
cannot  be  taken  as  representing  the  true  percentage  of  women 
with  or  without  a  bad  tear  of  the  perineum,  but  they  clearly  show 
that  there  is  a  very  considerable  difference  in  the  frequency  with 
which  bad  tears  of  the  perineum  occur  in  the  two  anatomical 
types  described. 

Cullingworth,  in  a  note  on  the  "  Anatomy  of  the  Posterior 
Conmiissure  of  the  Vulva,"  meaning  by  this  the  fourchette, 
says : — "  Extensive  clinical  observation  enables  me  to  confirm 
the  statement  of  Luschka,  that  it  is  the  posterior  junction  of 
the  labia  minora,  and  not  that  of  the  labia  majora,  that  consti- 
tutes the  commissure.    The  labia  minora  are  in  some  women 
deeply  pigmented.     It  is  in  such  women  that  the  correctness  of 
ILuschka's  observation  can  most  readily  be  demonstrated,  for  the 
pigmentation  is  continued  across  the  anterior  boundary  of  the 
jperineum.   But,  apart  from  this,  if  any  one  will  take  the  trouble, 
ixk  an  adult  virgin,  to  draw  the  labia  minora  gently  upwards, 
t^jgtking  one  between  each  thumb  and  finger,  he  will  find  that  they 

^  Coe,  American  System  of  Oyneeology  and  OhsUtries,  vol.  i. 
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pull  on  the  f ouichette,  and  draw  it  upwards  too,  and  he  will  see 
that  the  structure  is  in  all  respects  similar  and  continuous.  No 
such  effect  is  produced  on  the  fourchette  by  upward  traction 
upon  the  labia  majora,  and  I  am  not  aware  of  the  existence  of 
any  evidence  in  favour  of  the  still  too  common  statement,  that 
the  posterior  commissure  of  the  vulva  is  constituted  by  the  labia 
majora.'* 

These  observations  of  Cullingworth  can  be  readily  verified, 
and  the  continuity  of  the  labia  minora  with  the  fourchette  can 
be  shown,  not  only  by  traction  on  the  labia  minora  forwards,  but 
almost  better  by  traction  on  the  fourchette  backwards.  If  the 
tip  of  the  finger  be  inserted  into  the  fossa  navicularis,  and  trac- 
tion be  made  in  the  direction  of  the  anus,  a  small  fold  of  skin 
will  be  made  evident,  passing  from  the  extremities  of  the  four- 
chette to  the  posterior  extremities  of  the  labia  minora. 

Ballantyne's  account  of  the  histology  of  the  fourchette, 
together  with  Cullingworth's  statements,  appear  to  me  to  be 
strong  evidence  in  favour  of  the  view  that  the  fourchette  is 
really  a  part  of  the  labia  minora ;  while  the  further  fact  that,  in 
about  15  per  cent,  of  all  women,  the  two  are  directly  continuous, 
would  tend  to  show  that  such  an  arrangement  is  somethii^  more 
than  a  mere  variety. 

This  form  of  fourchette,  occurring  as  it  does  in  virgins,  is 
certainly  not  merely  a  result  of  the  changes  that  occur  in  the 
external  genitalia  in  connection  with  childbirth.  It  appears 
first,  as  far  as  my  observations  go,  after  the  age  of  puberty,  and 
is  associated  with  the  development  of  the  external  genitalia  that 
occurs  at  that  period  of  Hfe. 

It  would  be  well  if  the  use  of  the  terms  anterior  and  posterior 
commissure  could  be  entirely  given  up. 

The  anterior  commissure  is  better  called  the  mons  veneris ; 
and  the  term  posterior  commissure,  applied  as  it  is  by  some 
authors  to  the  fourchette,  and  by  others  to  the  perineom,  is  not 
required.  The  posterior  extremities  of  the  labia  majora  blend 
with  the  perineum,  and  are  not  really  united  by  any  commissure 
other  than  the  fourchette ;  but  the  use  of  the  name  posterior 
commissure  for  this  structure  only  tends  to  lead  to  confusion, 
more  especially  if  we  are  to  regard  the  fourchette  as  really  a  part 
of  the  labia  minora  or  nymphae. 


THE  TEUE  CAPSULE  OF  THE  KNEE-JOINT. 

By  Hubert  HiGoms. 

(Read  before  the  Anatomical  Sooiety,  November  22,  1895.) 

On  cttrefully  cutting  through  the  fibrous  expansions  of  the  two 
vasti,  a  multilocular  bursa  is  exposed  between  the  accessory 
and  the  true  capsule;  on  either  side  these  bursal  intervals 
can  be  easily  enlarged  with  the  finger.    The  true  capsule  may 
be  .easily  defined  by  carefully  dissecting  and  removing  the 
accessory  capsule.^    The  two  capsules  are  connected  by  some 
loose  connective  tissue,  which  is  densest  between  the  lateral 
ligaments  and  the  ligamentum  posticum  Winslowii    The  true 
capsule  is  a  well-defined  loose  membrane  attached  to  the  margins 
of  the  articular  surfaces  of  the  patella,  tibia,  and  femur.    From 
the  margins  of  the  articular  surfaces  of  the  condyles  it  is  re- 
flected for  about  a  centimetre  on  to  the  non-articular  surface 
of  the  bone;  on  either  side  the  attachment  inclines  upwards 
on  the  deep  aspect  of  the  lateral  ligaments;  posteriorly  it  is 
attached  to  the  margins  of  the  articular  surfaces;  in  front  it 
is  attached  to  the  borders  of  the  internal  and  external  articular 
surfaces  of  the  tibia,  and  the  interarticular  space  as  far  back  as 
the  tibial  attachment  of  the  anterior  crucial  ligament,  whence  it 
passes  over  the  front  of  the  crucial  ligaments  to  their  femoral 
attachments  close  to  the  articular  surface.      Posteriorly  and 
mesially  the  membrane  is  attached  to  the  margins  of  the  articular 
surfaces  of  the  femur  and  tibia ;  between  these  attachments  it 
envelops  the  crucial  ligaments.    There  is  a  cvl-de-sac  lined  with 
synovial  membrane  covering  the  hinder  surface  of  the  femoral 
attachment  of  the  anterior  crucial  ligament;  this  cul-de-sac  is 
opened  out  when  the  joint  is  flexed   The  true  capsule  is  attached 
to  the  upper  and  lower  borders  of  the  semilunar  cartilages  in 

^  I  look  upon  the  aocessory  capsule  as  being  all  the  ligaments  derived  from 
ipsalar  structures,  with  intervening  tissue  distinct  from  the  true  or  syno- 
,1  capsule — viz.,  the  lateral  ligaments,  the  ligamentum  posticum  Winslowii, 
and  the  expansions  of  the  yasti.    The  term  "  true  capsule  "  has  been  used  without 
prejudice  to  its  morphological  origin. 
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such  a  way  as  to  leave  exposed  the  circularly-diBposed  fibres 
which  form  their  baeis;  between  the  lower  border  of  each 
semilunar  cartilage  and  the  tibia  the  true  capsule  forms  the 
coronary  ligament. 

The  capsule  ia  a  fairly  thick,  well-defined  membrane,  except 
where  it  invests  the  sub-patellar  pad  of  fat  and  the  crucial 
ligaments.  There  are  strengtheimig  fibres,  some  of  which  are 
disposed  in  a  triangular  fashion  pasaii^  from  the  attachment  of 


The  true  capsule  of  the  knee-joint,  the  accessorj  capsale  and  the  aDb-patellai 
pad  of  fut  removed.     (1}  Internal  acmilunar  cartilage ;  (2)  CoroDkry  Ugtiinent 

the  lateral  ligaments  downwards  and  forwards,  while  others  are 
verticsally  disposed  fibres,  lying  deeply  to  the  lateral  ligameDt& 

In  about  two  per  cent,  of  cases  there  is  no  connection  between 
the  synovial  cavity  and  the  sub-crureus  bursa  There  is  usoally 
an  opening  varying  from  a  complete  obliteration  of  the  septum 
to  a  small  ovoid  deficiency  admitting  an  ordinary  lead  pencil 

On  its  superfidal  surface  the  tendon  of  the  popliteus  enters  the 
true  capsule  on  a  level  with  the  short  external  lateral  ligament ; 
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the  capsule  may  or  may  not  be  adherent  to  the  superficial 
surface  of  the  tendon  as  far  as  its  femoral  attachment  The 
deep  surface  of  the  muscle,  where  it  becomes  tendinous,  is  usually 
intimately  adherent  to  the  walls  of  a  bursa,  which  extends  down- 
wards under  the  muscle  to  the  lower  limit  of  the  superior 
tibio-fibular  ligament.  This  bursa  communicates  freely  with 
the  synovial  cavity  of  the  joint. 

The  ligamentum  mucosum,  when  represented  by  a  septum,  con- 
sists of  two  layers  which  split  to  enclose  the  crucial  ligaments, 
and  are  attached  above  and  below  to  the  periphery  of  the 
articular  cartilage  of  the  tibia  and  femur.  The  septum  is 
bounded  above  by  a  free,  lunated  margin,  attached  anteriorly  to 
the  lower  border  of  the  patella,  and  posteriorly  to  the  lower  and 
mesial  maigin  of  the  trochlea. 

I  should  look  upon  the  more  ordinary  form  of  the  true 
capsule  as  the  remnant  of  the  two  capsules  limiting  the  tibio- 
condylar  articulations,  the  anterior  part  having  become  obliter- 
ated, while  the  ligamentum  mucosum  represents  the  mesial  and 
anterior  parts  of  the  capsules. 

It  is  easy  to  demonstrate  that  the  anterior  comu  of  the 
internal  semilunar  cartilage,  and  the  posterior  comu  of  the 
external  semilunar  cartilage,  are  outside  the  true  capsule  to 
the  extent  of  a  centimetre ;  the  other  cornua  are  outside  to  a 
much  less  extent.  These  facts,  taking  into  consideration  the 
extracapsular  dispositions  of  Humphry's  and  Wrisbeig's  liga- 
ments respectively,  might  be  used  as  arguments  of  an  extra- 
capsular origin  of  the  semilunars,  if  there  was  any  embryological 
confirmation  of  the  view. 


THE  GENICULATE  ARTICULAR  SURFACES  OF  THE 
FEMUR  AND  TIBIA-  By  Hubert  Higgins,  Dmondra- 
tor  of  Anatomyy  University  of  Cambridge. 

(Ck)ntmued  from  page  682,  voL  zziz.) 

Part  IL — ^Thb  Tibial  Geniculate  Articular  Surface. 

The  upper  extremity  of  the  tibia  is  inclined  backwards  at  an 

angle  of  71°  with  the  shaft  (average  of  40).      Each  articiilar 

surface  for  the  condyles,  separated  by  an  interarticular  area, 

presents  for  examination  a  spine,  an  internal  and  an  external 

border. 

Average  Meamrements  of  Tibia, 

Length  of  bone,            ....  36'01 

Breadth  of  upper  extremity,     .  7*45 

Artero-posterior  (at  level  of  tubercle), .            .  6'65 

Artero-posterior  (above  tubercle),         .  4'86 

Oblique  (from  front  of  internal  artic  surface),  .  6"85 

Oblique  (from  front  of  external  artic  surface), .  7"21 

The  internal  articular  sfu/rface  projects  about  75  c.c.  further 
forward  than  the  external  It  is  almost  always  more  or  less 
biconcave  and  ovoid  in  shape.  The  following  are  the  average 
measurements : — 

Antero-posterior,    ....       4"60  cm. 

From  spine  to  periphery  (transverse),        .       3*51    „ 

From  spine  to  centre  of  anterior  border  of 

the  inter-articular  space,  3*15     „ 

From  spine  to  anterior  extremity  of  articu- 
lar surface,         ....      2*48    „ 

From  spine  to  posterior  extremity  of  articu- 
lar surface,         .  .  .      271    „ 

In  examining  the  conformation  of  the  surface  from  before 
backwards,  it  is  found  that  for  about  100  cm.  it  is  usuaUy 
slightly  convex  or-  plane  and  then  concave  for  about  3*40  cm. 
The  average  transverse  diameter  is  3*50  cm.;  for  about  2-00  cm. 
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the  surface  is  concave  horizontally;  mesiaUy  the  concavity  is 
almost  on  a  vertical  plane,  culminating  in  the  spina 

The  intemai  border  in  front  is  usually  almost  pointed  and 
depressed,  it  may  be  rounded.  Behind,  it  is  rounded  and  convex^ 
pointed  or  very  slightly  convex. 

The  Internal  Articular  Surface, 
Transverse  Ganre.  Antero-Posterior  Curve. 


The  External  Articular  Surface, 
Transverse  Curve.  Antero-Posterior  Curve. 


The  remainder  of  the  border  is  more  elevated,  giving  the 
internal  articular  surface  its  cup-shaped  appearance.  It  may  be 
angular  at  the  junction  of  the  external  and  posterior  limits. 

External  Border, 

(1)  In  front  of  spine.  This  border  is  always  markedly 
elevated,  and  projects  almost  directly  forwards ;  about  170  in 
front  of  the  spine  there  is  very  commonly  a  tubercle  (about 
•70  cm.  in  width);  from  this  the  border  inclines  gradually 
downwards  to  the  anterior  extremity  of  the  articular  surface, 
^^hich  is  somewhat  raised  above  the  rest  of  the  articular  surface. 
The  tubercle  serves  for  the  attachment  of  the  anterior  crucial 
ligament,  with  which  it  forms  a  smooth  curved  support  for  the 
femur  in  full  extension. 

(2)  The  spine  is  usually  flattened  from  side  to  side,  and  sharp. 
Its  average  elevation,  from  the  depth  of  the  concavity  of  the 

,articular  surface,  is  about  1'50  cm.,  and  its  average  antero- 
posterior measurement  I'OO  cm. 
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(3)  Behind  the  spine.  The  border  is  slightly  above  the  level 
of  the  articular  surface,  and  runs  directly  backwards,  or  back- 
wards and  a  little  inwards. 

The  posterior  edge  of  the  spine  is  generally  vertical,  but  it 
may  be  inclined  obliquely. 

The  External  Artieular  Surface, 

The  curves  from  before  backward  ju-e  so  variable  that  it  is  ad- 
visable to  divide  the  surface  into  three  parts.  The  anterior  third 
is  more  or  less  convex  for  about  1*20  cm. ;  in  30  per  cent,  it  may 
be  plane  or  even  concave.  The  middle  third  is  usually  concave ; 
it  may  be  plane  or  convex.  The  posterior  third  is  almost  always 
smooth  and  markedly  convex,  but  it  may  be  plane.  In  about 
4  per  cent,  of  specimens  the  entire  surface  may  be  slightly 
concave  from  before  backwards,  and  in  about  8  per  cent,  convex. 

The  spine  forms  the  summit  of  a  more  or  less  inclined  plane 
running  either  directly  outwards  or  backwards  and  outwards; 
the  plane  is  frequently  interrupted  by  a  central  shallow  con- 
cavity, or  more  frequently  has  a  plane  or  sUghtly  concave  edge. 

Iniemal  Articular  Sy/rface. 

Antero-posterior,        ....  3"97 

From  spine  to  periphery  (transverse),  3'26 
Spine  to  centre  of  border  bounding  interarti- 

cular  space  anteriorly,         .  2-93 

From  spine  to  anterior  extremity,  2*83 

From  spine  to  posterior  extremity,  .  2*71 

Internal  Border. 

(1)  In  front  of  spine  it  usually  runs  outweu^ds  and  forwards^ 
and  is  about  2*00  cm.  in  length.  It  may  be  concave  from  the 
spine  to  the  anterior  extremity,  but  more  commonly  it  is  on  tixe 
same  plane  as  the  adjacent  articular  surface  for  about  the 
anterior  third,  which  is  occasionally  grooved.  The  external 
semilunar  cartilage  is  grasped  between  this  groove  and  the 
femur  in  full  extension. 

(2)  The  spine  is  sometimes  rounded,  more  often  a  sharp 
projection,  being  in  about  2  per  cent,  of  cases  as  much  as  *70  cm. 


] 
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above  the  centre  of  the  articular  surface ;  its  average  antero- 
posterior measurement  is  -70  cm. ;  it  may  be  as  much  as  HO  or 
as  small  as  *30. 

( 3)  Behind  spine.  This  surface  rises  to  occasionally  the  same 
height  as  the  spine,  and  is  usually  surmounted  by  a  more  or  less 
prominent  tubercle  of  varying  size  and  shape,  about  I'OO  cm. 
from  the  spine ;  the  border  then  descends  somewhat  abruptly  to 
the  level  of  the  posterior  extremity.  This  elevation  helps  to 
arrest  rotation  in  full  flexion. 

The  JSxtemal  Border. 

For  about  I'OO  cm.  from  the  periphery  of  the  border  the  surface 
is  very  slightly  elevated,  and  usually  plane,  with  an  occasional 
indication  of  a  shallow  groove  for  the  semilunar  cartilage, 

Interarticular  Su/rface. 

(1)  In  front  of  spines.  It  is  bounded  anteriorly  by  a  slightly 
convex  roughened  and  tuberculated  margin,  and  usually  presents 
a  marked  depression  immediately  internal  to  the  external  arti- 
cular surface;  from  tins  the  surface  rises  to  support  the  outer 
part  of  the  adjacent  elevated  part  of  the  internal  articular 
surface. 

(2)  Interspinal  area.  There  is  a  strong  ridge  of  bone  running 
forwards  and  inwards  from  a  little  behind  the  external  to  the 
internal  spine. 

(3)  Behind  the  spines  the  surface  is  inclined  downwards  and 

internally  from  the  interspinal  ridge,  and  the  adjacent  elevated 

internal  border  of  the  external  articular  surface,  to  a  roughened 

depression,  bounded  internally  by  an  almost  vertical   ridge, 

limiting  the  internal  articular  surface.     Posteriorly,  there  is 

a  smooth,  vertically  striated  edge,  cut  backwards  and  outwards 

concave  from  side  to  side. 

IntervcU  "between  Articular  8v/rfaces, 

In  front  of  spines,       ....        2-61 
Between  spines,  ....        1*13 

Behind  spines,  ....        1-91 


UEINARY  CALCULI:  THEIR  FORMATION  AND  STRUC- 
TDRE.1  By  Sir  Gbobgb  Murray  Humphrt,  M.D.  Cantal)., 
F.R.S.,  &c.,  Professor  of  Surgery  in  the  Umverdty  of  Cambridge 

Havino  commenced  my  medical  career  as  an  apprentice  at  Norwich, 
and  as  a  pupil  at  the  Norwich  Hospital,  my  thoughts  were  early 
directed  to  the  subject  of  urinary  calculus,  particularly  in  its  practical 
bearings ;  and  for  many  years  subsequently  I  had  much  experience 
in  the  treatment  of  stone  in  Addenbrooke's  Hospital.     It  is  not,  how- 
ever, my  intention  to  take  you  at  any  length  over  the  well-trodden 
ground  of  the  treatment  of  this  malady,  but  rather  to  discuss  for  a 
short  time  the  structure  and  mode  of  formation,  or  building  up,  of 
stones  in  the  bladder  and  some  of  the  forms  they  assume,  matters 
which,  I  think,  have  some  interest  and  some  difficulties,  and  which 
have  not  received  much  attention.     I  do  not  mean  the  microscopical 
constitution  or  the  chemical  composition,  but  rather  the  more  obvious 
physical  structure,  of  calculi.     For  this  purpose  I  have  gone,  more  or 
less  carefully,  over  nearly  all  the  collections  in  London  as  well  as  that 
in  Norwich,  and  that  in  our  own  museum  here.     I  do  not  wish  by 
this  to  raise  your  expectations  of  what  I  have  to  say,  for  I  must  con- 
fess to  being  not  very  proud  of  my  results  in  ascertaining  the  caus^ 
of  the  peculiarities  which  some  calculi  exhibit,  and  I  am  reluctantly 
obliged  to  leave  many  of  these  points  to  the  more  fertile  reflections  of 
yourselves  and  others. 

Let  me  first  draw  your  attention  to  a  few  remarkable  specimens. 
I  show  you  here  one  of  the  largest  calcuH  which  has  been  found  in  the 
human  bladder,  and  which  presents  some  points  of  historic  and  col- 
legiate, as  well  as  of  clinical,  interest.     According  to  an  account  oi  it 
by  Dr  Heberden  given  in  the  Philosophical  Transactions^  it  weighed 
thirty-three  ounces  and  three  drachms,  and  was  taken  after  death 
from  the  wife  of  a  locksmith  at  Bury  St  Edmunds.     It  was  shown 
to  Charles  11.  at  one  of  his  visits  to  Newmarket,  "  when  at  least  half 
an  ounce  was  broken  off  before  the  king  to  show  him  that  it  was 
formed  in  the  manner  animal  stones  usually  are."     It  was  of  an  "  oval 
shape,  flattened  on  one  side  and  its  surface  smooth."     The  specific 
gravity  was  1*75.     It  was  presented  to  Trinity  College,  Cambrid^ 
by  Mr  Samuel  Battely,  Member  of  Parliament  for  Bury  St  Edmunds, 
about  the  middle  of  the  reign  of  Queen  Anne,  and  was  preserved  in  the 
library  of  that  College,  together  with  other  calcuh,  a  human  skeleton, 
and  a  curious  assortment  of  animal  and  other  specimens,  indicating 
that  the  studies  at  the  College  were  not  limited  to  books  and  stars, 
philosophy  and  casuistry,  but  were  to  be  extended,  practically,  to  the 
various  regions  of  science.     Reminders  of  this,  and  also  of  the  fact  that 

^  An  address  delivered  at  the  Summer  School  of   Medicine   Tor  Qoalified 
I'ractitioners  in  Cambridge,  June  1895. 
'  Philosophical  Transactions,  1728,  vol.  xlvi. 
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libraries  were  the  only  museums  of  that  time,  are  still  given  by  a 

human  skeleton  in  the  library  at  Queen's  College,  and  by  one  in  the 

library  at  Jesus  College.     About  thirty  years  ago  the  calculus  and  its 

companion  specimens  were  transferred  to  the  pathological  museum  of 

the  university.     It  is  of  clinical  interest  forasmuch  as  we  learn  tliat 

"  the  woman  had  felt  much  less  pain  than  might  have  been  expected 

from  so  large  a  stone,  and  might  probably  have  lived  much  longer  with 

it  had  she  not  thought  herself  well  enough  to  attempt  a  journey  on 

horseback ;  for,  while  she  was  riding,  she  was  suddenly  seized  with 

violent  pains  that  obliged  her  to  be  taken  off  the  horse  immediately. 

After  this  she  could  never  make  water  unless  the  stone  was  first 

moved,  and  she  continued  in  great  agonies  till  her  death."     This 

corresponds  with  the  fact  that  the  stone  is  of  very  compact  structure, 

composed  chiefly  of  concentric  layers  of  uric  acid  with  some  oxalate 

of  lime  and  a  thin  coating  of  fusible  calculus.     It  measures  15  in.  by 

13 J  in.^     It  formed,  no  doubt,  very  slowly  during  many  years  (we 

cannot  tell  how  many,  for  estimates  as  to  the  rate  of  growth  of 

calculi  are  little  more  than  guesses)  in  the  bladder  which  gradually 

became  accustomed  to  it  and  did  not  resent  its  presence  or  object  to 

its  weight.     Hence,  the  comparatively  little  suffering  and  the  long 

duration  of  life.     In  the  Norwich  collection  there  is  a  six-ounce 

phosphatic  calculus  which  was  less  meekly  tolerated  by  the  female 

bladder,  for  it  is  said  to  have  been  ejected  spontaneously  through  the 

urethra.     A  still  larger  stone,  weigtdng  forty-four  ounces,  taken  after 

death  from  the  bladder  of  Sir  Walter  Ogilvie,  is  in  the  museum  of 

the  Royal  College  of  Surgeons  of  England.     He  had  paraplegia,  and 

the  stone  is  phosphatic.     A  calculus  in  St  Thomas's  Hospital  museum 

weighing  twenty-flve  ounces  was,  at  about  the  same  date  as  the  large 

one  I  have  shown  you,  taken  after  death  from  Sir  Thomas  Adams, 

the  philanthropist,  draper.  Lord  Mayor  of  London,  president  of  St 

Thomas's  Hospital,  and  the  intimate  friend  of  Charles  II.,  to  whom 

he  contributed  large  sums  of  money,  and  who  created  him  a  baronet, 

and  for  his  loyalty  to  whom  he  was  imprisoned  in  the  Tower.     He 

"was  educated  at  Cambridge,  and  founded  the  Professorship  of  Arabic 

in  this  University  in  1632.     The  calculus  resembles  the  one  I  have 

sliown  you,  being  composed  of  compact  and  regularly  laminated  uric 

add  formed  around  an  oval  nucleus  of  more  porous  uric  acid.     It 

appears  to  have  caused  little  pain  or  inflammation  of  the  bladder  or 

disturbance  of  the  general  health,  and.  Anally,  to  have  proved  fatal 

in  consequence  of  a  fall  which  the  worthy  baronet  had,  at  the  age  of 

eighty-one,  in  descending  from  his  carriage.    It  presents  a  groove 

dividing  it  into  two  imequal  parts.     This  groove,  which  was  probably 

caused  by  the  projecting  hinder  edge  of  the  trigone  of  the  bladder,  is 

deep,  and  with  defined  edges  on  what  we  may  suppose  to  have  been 

tlie  under  part  of  the  stone,  and  becomes  shallower  and  gradually 

disetppears  towards  the  upper  part.     In  a  sermon  preached  *^  at  the 

solemnity  of  his  [Sir  Thomas  Adams's]  funeral"  on  March  10th, 

^  See  analyBis  and  drawings  by  Professor  Camming  in  the  fiist  volame  of  the 
CmMMibridgd  PhiloaophiecU  Trcmsaetums. 

VOL.  XXX.  (n,s.  vol.  X.)  U 
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1667,  the  groove  is  described  as  being,  "as  it  were,  a  paved  way, or 
rather  a  channel  cut  through  the  stone,  for  his  water  to  pass," 
otherwise  "the  stoppage  of  it  must  of  necessity  have  very  much 
added  to  his  smart  and  lessened  his  days."  The  stone  is  rather 
uneven  and  slightly  rough  on  the  exterior,  being  covered,  as  these 
large  calculi  not  infrequently  are,  with  a  layer  of  more  porous  uric 
acid  or  urate  of  ammonia.  This  coating  extends  over  the  groove  as 
well  as  over  the  rest  of  the  calculus.  A  drawing  of  the  calculus, 
with  other  particulars  respecting  it  and  Sir  Thomas  Adams,  is  given 
in  vol.  xxi.  of  the  Transactions  of  the  Pathological  Society  by  Mr 
Charles  Williams  of  Norwich,  to  whom  I  am  indebted  for  a  loan  of 
the  sermon. 

The  largest  stone  which  has,  I  beheve,  been  removed  entire  and 
successfully  by  the  lateral  operation  is  in  the  Norwich  collection.    It 
weighs  fifteen  ounces,  and  was  extracted  by  Mr  Harmer,  a  Norfolk 
surgeon,  in  the  presence  and  with  the  aid  of  Gooch,  who  gives  a 
representation  of  it  in  his  work  on   Surgery.     A  urinary  fistula 
remained,  which  Gooch  says  was  kept  clean  by  a  little  dog  licking 
the  part,  which  gave  the  patient  more  ease  than  any  application  his 
surgeon  furnished  him,  and  as  long  as  he  lived  (five  years)  the  dog 
was  his  surgeon  and  kept  the  wound  tolerably  clean  and  easy.    The 
next  largest,  so  far  as  I  know,  removed  successfully  and  entire  by 
the  lateral  operation,  is  in  the  museum  at  St  Greorge's  Hospital.    It 
weighs  eleven  ounces,  is  composed  in  its  middle  of  uric  acid  and  some 
oxalate  of  lime,   with  a  thick  coating  of  compact,  concentricaUj 
marked  phosphate  of  lime.     It  was  extracted  from  a  man  aged 
forty-three,  with  much  difficulty,  by  Mr  Warrington  Haward,  in 
St  George's  Hospital,  who  found  it  necessary  to  extend  the  incision 
into  the  rectum.     A  fistula  remained,  in  this  case  as  in  the  preceding 
one,  but  the  man  was  alive  and,  with  that  exception,  well  some  years 
afterwards.     In  the  museum  at  Guy's  Hospital  is  one  weighing 
thirteen  ounces  extracted  successfully  by  Mr  Mayo  of  Winchester, 
but  it  broke  and  was  removed  in  fragments.     One  in  the  same 
museum  weighing  nine  ounces  was  successfully  removed  by  Sir  A. 
Cooper,  and  another  weighing  sixteen  ounces  was  also  removed  entire 
by  the  same  surgeon,  but  the  patient  sank.     In  the  museum  of  the 
Royal  College  of  Surgeons  of  England  there  is  a  still  larger  calculus^ 
the  largest,  I  imagine,  which  has  been  removed  by  the  lateral  opera- 
tion.    It  was  dragged  through  the  perineum  by  Gheselden,   and 
weighed  seventeen  ounces,  but  the  patient  sank  the  next  day.     One 
weighing  thirteen  ounces  failed  to  be  extracted  by  Mr  Dalrymple  of 
Norwich.     The  largest  which  I  have  seen  extracted  is  the  uric-«cid 
calculus  I  show  you,  weighing  eight  ounces,  which  I  renioved,  by 
means  of  a  strong  scoop,  through  the  perineum  of  a  man  in  the 
neighbourhood    of    Newmarket.       He    recovered    without    a    bad 
symptom. 

On  looking  over  the  Norwich  collection  one  is  struck  with  the 
number  of  large  calcuU  which  have  been  removed  successfully  by 
the  lateral  operation,  and  which  bear  testimony  to  the  reputation  as 
lithotomists  which  the  surgeons  of  that  city  have  long  held.     'SL<xX 
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of  them  are  sound,  hard,  Tiric>acid  stones,  and,  so  far,  tell  of  the 
aound  constitution  of  the  patients,  contrasting  with  these  nine  calculi 
from  India,  sent  us  hy  a  former  pupil,  which,  though  containing  uric 
acid  and  oxalate  nuclei,  are,  for  the  most  part,  composed  of  phos- 
phates.    There  is  a  phosphatic  calculus  from  a  negro  in  the  museum 
of  King's  College  Hospital,  and  a  calculus  weighing  three  ounces  and 
a  half,  apparently  phosphatic,  with  curious  projecting  knohs,  in  the 
museum  of  St  George's  Hospital.    It  was  removed  by  the  lateral 
operation  from  a  man  who  had  spent  the  greater  part  of  his  life  in 
India.     He  did  not  recover.     In  the  museum  at  St  Mary's  Hospital 
there  is  a  phosphatic  calculus  from  India,  with  two  concentrically 
marked,  apparently  uric-acid  nuclei  as  large  as  filberts  joined  by  a 
band  like  the  Siamese  twins.     There  are,  however,  in  the  museum  of 
St  George's  Hospital  two  oxalate  of  Kme  calculi  from  India,  and  in 
the  Eoyal  College  of  Surgeons  of  England  there  is  a  collection  of 
many  calculi,  removed  by  operation  from  Hindoos  and  Afghails, 
which  are  composed  apparently  of  uric  acid ;  they  are  compact  and 
present  the  usual  concentric  rings.     Thus  we  see  that  the  inhabitants 
of  that  region  of  the  world,  who  are  mostly  vegetable-eaters,  are 
liable  to  the  same  varieties  of  calculus  as  our  own  countrymen.     The 
oxalate  of  lime  is  said  by  Castor  to  be  a  more  frequent  nucleus  than 
uric  acid  in  India,  and  is  attributed  by  him  to  the  vegetable  character 
of  the  diet.^    This  fine  bristling  specimen  of  oxalate  of  lime  weighing 
four  ounces — a  good  example  of  the  calculus  spinosiLs  of  Celsus — was 
successfully  removed  by  myself  from  a  middle-aged  man.     The 
largest  example  of  this  variety  of  calculus  which  I  have  seen  weighed 
eight  ounces.     It  is  in  the  Royal  College  of  Surgeons  of  England  and 
was  removed  from  a  man  in  Norfolk  aged  sixty,  who  appears  to  have 
gone  on  well  for  six  weeks,  but  then  to  have  become  depressed  and 
sank.     These  results  of  the  lateral  operation  pale,  however,  in  interest 
since  the  revival,  under  antiseptic  advantages,   of  the  supra-pubic 
method,  by  which  great  stones  have  recently  been  removed  with 
success  and  without  much  difficulty.      In  the  Royal  College  of 
Surgeons  of  England  there  is  a  calculus  weighing  thirty-four  ounces 
and  a  half,  six  inches  long,  and  four  inches  in  diameter,  which  was 
removed  at  Cairo  by  Mr  Milton,  by  the  supra-pubic  operation,  from 
an  jKgyptian  fellah,  aged  sixty,  who  was  at  the  time  in  bad  health. 
The  operation  is  described  as  one  of  "laparotomy,"  for  the  peri- 
toneum, as  well  as  the  bladder,  was  opened  above  the  pubes.     The 
man  lived  two  months  and  a  half  and  then  died  from  kidney  disease.^ 
In    Ashhurst's  Intemationdl    Cyclopssdia    of  Surgei-y,  vol.  vi.   p. 
1 62,  a  case  is  quoted  in  which  a  stone,  weighing  forty  ounces  and  a 
half,  and  measuring  seventeen  inches  in  circumference,  was  removed 
from    a  man  aged  thirty-nine,  by  the  supra-pubic  method,  by  a 
JBmssels  surgeon,  the  patient  dying  eight  days  afterwards.    This  is 
pro'baWy  the  largest  stone  ever  removed  from  the  living  human 
bladder.     It  is  somewhat  strange,  and  not  particularly  creditable  to 

^  AshhuTSt :  InUmaiional  Uncyclopcedia  of  Surgery  vi.  160. 
2  TheLancetf  Sept.  16,  1898. 
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me,  that,  having  tested  this  method  in  1848  on  a  lad  aged  fourteen 
who  had  shown  symptoms  from  birth,^  I  should  not  again  have 
resorted  to  it  till  within  the  last  few  years,  when  it  had  been  revived 
by  others,  especially  as  the  case  taught  me  that  I  over-estimated  the 
ill-effects  that  were  likely  to  result  from  extravasation  of  urine  into 
the  loose  tissue  about  the  bladder.     I  carefully  emptied  that  viscus 
before  the  operation,  instead  of  washing  it  out,  and  perhaps  filling  it 
with  antiseptic  fluid,  as  is  now  done.     Yet,  in  spite  of  my  precautions, 
when  I  cut  into  the  bladder,  to  my  dismay  a  considerable  quantity  of 
urine  (pent  up,  I  suppose,  in  the  ureters,  as  may  be  seen  to  have 
occurred  in  a  specimen  in  the  Middlesex  Hospital,  where,  with  a 
calculus  in  the  bladder,  the  ureters,  pelves,  and  calices  of  the  kidneys 
are  enormously  dilated)  flowed  out  and  soaked  into  the  surrounding 
tissues ;  yet  no  ill  resulted.     The  thickened  bladder  had  misled  me 
somewhat  as  to  the  size  of  the  stone  which,  as  you  see,  is  not  very 
large,  and  weighed  only  750  grains.     The  lad  made  a  good  recovery; 
aud  some  time  afterwards  I  extracted,  by  the  lateral  method,  a  stone 
which  had  formed  upon  and  was  adherent  to  the  cicatrix  of  the 
former  operation. 

The  nticleits. — The  nucleus,  which  is  the  incipient  or  foundation, 
and  usually  the  central  part,  is  obviously  the  most  important  part  of 
a  calculus,  that  to  which  attention  has  been  most  especially  directed. 
It  commonly  forms  in  the  kidney  and  consists  of  uric  acid,  oxalate  of 
lime,  or  cystine — of  the  first  most  frequently,  of  the  last  rarely.    Its 
formation  depends  upon  one  or  both  of  two  causes :  first,  an  unusual 
quantity  of  one  of  the  more  easily  precipitable  constituents  of  the 
urine  (uric  add  or  oxalate  of  lime),  when  a  very  slight  cause  will  lead 
to  the  precipitation  and  union  of  the  crystals,  which  may  take  place 
in  the  urinif erous  tubes  or  in  the  calices  of  the  kidney }  secondly,  a 
slight  increase,  or  alteration  in  the  quality  of  the  mucus  in  the  secret- 
ing tubes  or  calices  of  the  kidney  may  exert  what  is  known  as  a 
colloidal  influence  upon  the  forming  crystals,  modifying  their  shape 
or  reducing  the  crystedlisable  material  to  a  more  or  less  amorphous 
and  cohesive  condition,  in  consequence  of  which  they  adhere  together 
into  masses  or  calculi.     This  alteration  in  the  mucus  may  possibly,  ui 
some  cases  at  least,  be  caused  by  the  abnormal  presence  of  crystals  in 
the  kidney,  the  two  conditions  thus  acting  and  reacting  on  each  other 
and  combining  in  the  production  of  calculus.     That  the  mucous  con- 
dition is  a  very  important  feature  in  the  process  is  shown  by  the  well- 
known  experiments  of  Mr  Rainey,  followed  by  the  observations  of 
Dp  Ord;2  and  it  is  maintained  that  without  this  colloidal  infLnence 
the  crystals  have  very  little  tendency  to  adhere  together.     Streaks  of 
the  granular  or  amorphous  uric  acid  and  of  dumb-bells  of  caldum 
oxalate  formed  under  this  influence  are  not  uncommonly  found  in  the 
urinif  erous  tubes,  especially  in  infants  and  young  children,  constituting 
the  "  uric  acid  infarction  "  of  Virchow.     Many  years  ago  a  medicfd 
man  about  sixty,  of  gouty  diathesis  and  sensitive  temperament,  who 

*  See  Provincial  Medical  aiid  Surgical  Transactims,  vol.  xrii. 

*  The  Influence  of  Colloids  upon  Crystalline  Form  and  Cohesion,  1879. 
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vas  liable  to  attoi^  of  pain  in  a  kidney,  told  me  that  after  each 
,  attack  he  was  cooscioiiB  of  something  passing  along  the  ureter  into 
the  bladder,  and,  being  apprehensive  of  the  formation  of  calculus,  he 
used  to  watch  on  each  occaidon  for  the  passage  with  the  uiine  of  what 
he  called  a  "bleb  of  muciis."  His  apprehensions  were  realised,  foe 
after  one  of  these  attacks  the  looked-for  "  bleb "  did  not  appear,  a 
stone  formed,  and  I  subsequently  lithotrised  him.  He  recovered  from 
this,  but  died  subsequently  from  some  kidney  disease.  "When  two  oi 
more  calculi  find  their  way  into  the  bladder  they  usually,  I  believe, 
come  from  the  same  kidney ;  and  in  the  Transadione  n/  the  Patho- 
logical Society'  two  instances  are  recorded  by  Dr  Harley,  in  each  of 
which  nuzasTons  small  calculi  were  found  in  one  kidney  (in  one  case 
in  the  left  kidney,  where  they  were  of  triple  phosphate,  and  in  the 
other  instance  in  the  right  kidney,  where  they  were  of  uric  acid),  the 
opposite  kidney  being  quite  free.  Here  the  formation  of  the  calculi . 
evidently  depended  upon  some  peculiarity,  probably  in  the  mucous 
secretion,  of  the  kidney.  The  importance  of  this  view  of  the  patho- 
1<^  of  calculus,  with  regard  to  the  investigation  of  the  causes  of  the 
disease  in  particular  districts,  and  to  the  measures  to  be  taken  for  its 
prevention,  must  he  borne  in  mini].    It  gives  some  support  to  the 


Fio.  1. — Four  nuclei  in  one  ulcolna.    (Cambridge  eollectioD.) 

principle  involved  in  Dr  Yellowby's  idea  that  the  Norfolk  dumplings 
and  the  indigestion  resulting  from  them  were  a  cause,  if  not  the  cause, 
of  the  prevalence  of  calculus  in  that  county.  The  porous  character  of 
the  nucleus,  as  compared  with  the  layers  formed  upon  it,  which  may 
often  be  observed,  accords  with  its  mucous  origin.  Two  or  more 
nuclei  are  not  very  infrequently  found  in  a  calculus.  These  are 
usually  of  uric  acid  or  urate  of  ammonia.  In  this  specimen 
<fig.  1)  there  are  four  nuclei;  and  in  one  in  University  Collie 
five  oric-acid  nuclei  are  embedded  in  a  mass  of  phosphates,  form- 
ing one  large  stone.  In  some  Instances  they  are  small,  and  in 
gojue  flattened  by  apposition.  The  junction  of  such  may  have  taken 
place  in  the  kidney,  though  I  am  not  awaie  that  renal  calculi  have 
been  found  with  multiple  nuclei.  Now  and  then  one  sees  two  nuclei 
united  by  a  band  (as  just  mentioned)  like  Siamese  twins  and  enclosed 
in  a  common  envelope — indeed,  a  lai^e  number  of  small  calculi  may 
be  anited  by  phosphates  into  a  single  stone,  as  in  a  specimen  examined 
Ijy  Dr  Beale,*    Occasionally,  larger  stones  are  thus  joined  together, 

vol  XV.  p.  1*7. 
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the  usitiDg  medium  being  commonly  phosphatic,  and  two  or  mon 
calculi,  lying  in  apposition  in  tlie  bladder,  may  become  covered  over 
and  cemented  by  phosphatic  material.  In  one  specimen  two  good- 
sized,  cone-shaped  calcidi,  with  their  bases  apposed  but  not  in  contact, 
are  enveloped  in  a  mass  of  porous,  apparently  phosphadc,  material, 
lu  a  specimeii  in  King's  College  Hospital  a  small  porous  uric-add 
stone  is  appended  to,  and  united  by  phosphates  with,  a  large,  compact 
uric-acid  stone  which  has  an  oxalate  nudeus.  The  most  remarkable 
example  of  such  union  is  presented  by  the  large  sevonteen-oonce 
calculus  removed  by  Cheselden  and  represented  in  fig.  2,  taken  from 


Fia.  2. — Three  larfce  aric.acid  calcali  UDitcd  by  phoapbatos. 
(Oatalo^e  of  the  Boyal  College  of  Surgeons.) 

the  catalogue  of  the  Koyal  College  of  Surgeons  of  England  (Plate  IIL, 
fig.  1).  In  it  three  luge  uiic-acid  calculi,  but  little  adapted  to  one 
another  and  not  very  closely  approximated,  are  united  by  earthy 
phosphates.  The  central  part  of  each  of  the  three  consists  of  porous 
uric  acid  or  urate  of  ammonia,  and  the  surrounding  concentrically 
marked  and  more  compact  uric  acid  looks  as  if  the  calculi  had  lain  in 
apposition,  and  that  some  shifting  of  them  upon  one  another  had 
taken  place  before  they  became  united  by  the  phosphatic  deposit. 
The  multiple  nuclei  are,  as  I  have  said,  commonly  composed  of  uric 
acid  or  urates.  The  oxalate  calculi  are  usuaUy  single,  and  rarely 
have  more  than  one  nucleus ;  and,  indeed,  this  material  is  seldom 
passed  in  the  form  of  gravel-     There  is,  however,  in  the  maseum  in 
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Guy's  Hospital  a  specimen  in  which  four  nodulated  nuclei  9!  oxalate 
of  lime,  as  large  as  beans,  are  united  by  urates  and  surrounded  by 
layers  of  uric  acid,  forming  a  large  stone ;  and  in  the  museum  of  the 
London  Hospital  there  is  a  large  calculus  composed  of  two  calcium 
oxalate  calculi  of  unequal  size  enclosed  in  a  mass  of  phosphates. 
When  nuclei  remain  separate  they  form  multiple  calculi  which,  by 
apposition  and  mutual  friction,  commonly  become  faceted,  and  often 
in  a  manner  rather  difficult  to  account  for.  This,  however,  is  not 
always  the  case.  In  the  museum  in  Guy's  Hospital  there  are  sixteen 
calculi  taken  from  a  bladder  after  death ;  they  are  nearly  as  large  as 
walnuts  and  are  spherical  and  smooth  on  the  surface.  Here,  also, 
are  sixteen  spherical,  smooth  calculi  of  rather  smaller  size.  In  the 
Norwich  collection  there  is  a  large  cuboidal  calculus  with  four  facets, 
upon  each  of  which  is  applied  a  flattened  calculus  faceted  on  one  side, 
the  whole  forming  a  nearly  spherical  mass  which  resisted  the  attempts 
to  remove  it  by  the  lateral  operation.  The  portions  came  away 
separately  subsequently,  through  the  wound,  into  the  bed,  but  the 
patient  did  not  recover. 

When  the  nucleus  or  the  calculus  has  reached  the  bladder  it  does 

not  comport  itself  quite  like  an  ordinary  foreign  body.     The  latter,  as 

we  know,  whether  it  be  a  piece  of  bougie,  a  hairpin  (as  in  this 

specimen),  a  mass  of  soap  (as  in  two  specimens  in  the  Eoyal  College 

of  Surgeons  of  England),  or  any  other  substance,  becomes  encrusted 

with  phosphates  consequent  on  the  irritation   caused  by  it  in  the 

bladder,  the  only  exception  to  this  that  I  have  known  being  the 

specimen  in  the  Eoyal  College  of  Surgeons  of  England  in  which  a 

needle  is  the  nucleus  of  a  uric-acid  stone ;  whereas  a  calculus  usually 

increases  by  the  addition  of  material  like  that  of  which  it  is  composed. 

The  reason  of  this  difference  must  be  that  the  calculus  causes  less 

irritation  than  a  foreign  body,  which  perhaps  we  should  scarcely  have 

expected.     That  a  hairpin  should  be  a  source  of  considerable  worry 

may  easily  be  believed,  but  we  should  not  have  thought  that   a 

piece  of  bougie  would  have  proved  a  greater  irritant  than  a  spinous 

oxalate  calculus.     True,  the  calculi  may,  and  often  do,  become  coated 

Tnth  phosphates.     Usually,  however,  the  addition  to  a  calculus  of 

nric  acid,  oxalate  of  lime,  or  cystine  does  not  consist  of  phosphates, 

but  of  uric  acid,  oxalate  of  lime,  or  cystine,  as  the  case  may  be.     It 

is  somewhat  remarkable  that  this  should  be  so,  and  should  sometimes 

go  on  steadily  for  many  years,  as  in  the  instance  of  the  woman  whose 

large  stone  I  have  shown  you,  in  that  of  Sir  Thomas  Adams  and  in 

others,  especially  when  we  remember  that  oxalate  of  lime  or  oxalic 

acid  and  cystine  are  not  commonly  present  in  the  urine  at  all,  or 

indeed  in  the  blood,  ^  and  that  uric  acid  is  present  in  small  quantities, 

about  six  to  ten  grains  only  being  passed  in  the  four  and  twenty  hours, 

and  it  does  not  exist  in  a  free  state  in  the  urine,  but  is  held  in  solution 

by  an  alkaline  base  from  which  it  must  be  liberated  before  it  can 

settle  on  a  calculus. 

Jncrease  of  calculi  in  size, — ^The  addition  to  a  calculus  is  probably 

^  Dr  Beale  found  cystine  continuously  present  for  a  long  time  in  the  urine  of 
A  jroimg  man  who  was  otherwise  healthy. — Urinary  DeposUs^  1869,  p.  884. 
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effected  by  the  same  means  as  that  by  which  the  nucleus  is  formed— 
that  is  to  say,  by  the  influence  of  the  mucus  in  the  urine.    This, 
where  in  contact  with  the  stone  and  resting  in  the  interstices  of  its 
surface,  attracts,  sets  free,  and  modifies  the  uric  acid,  increasing  its 
cohesive  quality  and  causing  it  to  settle  upon  the  stone,  and  the 
quality  of  the  uric  acid  thus  added  will  depend  upon  the  amount 
and  quality  of  the  mucus.     When  the  latter  is  in  sxnall  quantity  the 
acid  crystals  will  be  little  altered  and  will  be  slowly  deposited, 
constituting  the  compact  material  of  which  the  greater  number  of 
large,  slowly  forming  calculi  are  composed.     When  the  mucus  is  more 
abundant  the  uric  acid  is  deposited  in  greater  quantity,  more  quickly, 
and  in  more  granular  amorphous  form  and  more  irregularly,  constitut- 
ing the  porous  variety  of  which  many  stones  are  entirely,  or  in  varying 
degrees,  composed.     The  porous  and  the  compact  materials  often 
vary  in  different  periods  of  the  formation  of  the  same  calculus,  not 
infrequently  succeeding  one  another  and  telling  of  successive  periods 
of  greater  or  less  irritation  of  the  bladder.     The  same  remarks  apply 
probably  to  the  oxalate  and  cystine  calculi,  though  variations  in 
density  in  different  parts  of  these  are  not  so  common  as  in  those 
composed  of  uric  acid. 

Form  of  calculus, — Each  variety  of  calculus  takes  its  own  form,  the 
uric  acid  being  oval  and  flattened  (which  is  also  commonly  the  case 
with  the  cystine),  and  the  calcium  oxalate  being  sphericaL  Tlus 
cannot  depend  upon  the  surroundings,  for  the  form  differs  in  the  two 
cases,  and  each  assumes  its  particular  form  from  the  first — ^thatis, 
when  the  stone  is  small.  In  the  calcium  oxalate  the  form  may  be 
given  by  the  crystals  radiating  from  the  centre  in  needle-like  lines 
and  shooting  out  into  the  spines  or  tubercles  on  the  surface  ;  and  in 
the  uric-acid  calculus  it  must  likewise  be  some  disposing  property  in 
its  particles  which  gives  the  flattened  oval  shape,  and  which  also 
causes  the  tubercles  often  seen  on  the  surface  and  the  lamination 
in  its  structure.  Though  the  predominant  form  of  the  uric  add 
calculi  is  a  flattened  oval,  especially  when  the  substance  is  compact, 
it  is  liable  to  great  varieties.^  Often  it  is  prolonged  in  certain  direc- 
tions by  the  deposit  upon  it  of  the  porous  uric  acid  or  urate  of 
ammonia,  or  of  the  two  combined,  the  particles  of  which,  being  more 
or  less  deprived  of  their  crystallising  quality,  lose  proportionately 
their  form-determining  property.  It  not  uncommonly  happens  that 
the  calculi  are  prolonged  at  one  or  both  ends  of  the  oval ;  and  in  Sir 
Henry  Thompson's  cabinet  in  the  Royal  College  of  Surgeons  of 
England  there  is  the  curious  instance  of  a  square-shaped  calculus  in 
which  the  four  angles  have  been  prolonged  by  porous  uric  deposit 
upon  each,  the  whole  being  covered  over  by  more  compact  uric  acid, 
as  though,  for  a  given  and  short  period,  the  irritation  of  the  bladder 
by  the  four  corners  had  determined  the  presence  of  mucus  upon  themi, 
with  the  consequent  porous  condition  of  the  uric  acid.  Occasionally, 
as  in  the  specimen  represented  in  fig.  3  from  the  catalogue  of  the 

^  They  may  be  nearly  spherical  in  shape,  as  is  the  8  oz.  calctdos  mentioDed 
above ;  and  Mr  Vincent  Jackson,  of  Wolverhampton,  tells  me  he  has  a  spheriol 
uric-acid  calculus  in  his  possession. 
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Rojal  College  of  Surgeons  of  England,  a  uric-acid  calculus  1b  capped 
at  one  end  witli  a  thick  layei  of  compact  etiiated  uric  acid.  The 
smooth  groove  on  the  surface  between  the  two  parts  in  this  atone  has 
suggested  that  the  one  part  may  have  been  formed  in  a  cyst  and  the 
otlier  part  in  the  bladder,  but,  in  addition  to  the  fact  that  encysted 
calculi  are  usuaUy  phoephatic,  there  is  a  specimen  in  the  College  in 
which  there  Is  a  similai  cap  at  each  eikd.  A  calculus  in  the  muaeom 
at  St  Mary's  Hospital  has  a  small  cap  of  the  like  material  at  one  end, 


iojei  College  of  SurgeouB.) 

and  the  whole  is  covered  with  a  layer  of  phosphate.  A  specimen  in 
Sir  Henry  Thompson's  cabinet  looks  as  if  a  number  of  small  uric- 
acid  calculi  had  settled  upon  and  adhered  to  an  elongated  stone  of 
the  same  material,  this  being,  I  suppose,  in  reality,  an  exaggeration  of 
the  granular  or  tuberated  condition  not  uncommon  in  uric-acid 
(^culi.    The  nucleus  may  be  at  one  end,  the  calculus  having  been 
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prolonged  in  the  opposite  direction  into  a  finger-like  form  b;  compact 
or  porons  uric  deposit,  as  in  tbie  spedmen.  Here  is  a  triaDgular 
flattened  calculus;  and  in  a  specimen  in  the  museum  at  8t  Geo^'s 
Hospital  a  calculus  has  acquired  an  hour-glass  shape  from  increase  at 
both  ends,  the  nucleus  being  in  the  middle.  This,  I  should  eay,  is 
thought  to  have  been  due  to  the  solution  of  the  middle  part  by  the 
urine,  which  can  scarcely  have  been  the  case,  for  the  calculus  presents 
the  same  smoothness  aad  character  of  contour  over  its  whole  surface. 
Such  constrictions  or  grooves  dividing  a  calculua  into  two  or  more 
equal  or  unequal  parte  are  occaaionall;  seen  (fig.  4),  and  they  are  com- 
monly attributable  to  projections  into  the  bladder  of  the  hinder  edge 
of  the  trigone  or  some  other  bands  wluch  have  impressed  the  calculiu. 
They  are  generally  smooth,  as  smooth  as,  or  smoother  than,  other 
parte  of  the  surface  of  the  calculi.  Occasionally,  but  more 
rarely,  the  constriction  has  been  caused  by  the  formation  of  oae 
part  of  the  stone  in  a  cyst  and  of  the  other  part  in  the  bladder 


and  represents  the  narrow  orifice  of  communication  between  the 
bladder  and  the  cyst.  In  such  cases,  as  I  have  aaid,  the  calculi 
are,  so  far  as  I  have  seen,  phosphatic.^  Various  forms  are  given 
by  the  addition  of  lime  salb^  and  it  is  to  be  remarked  that  these 
are  often  deposited  upon  the  ends  of  the  oval  uric-acid  calco^ 
extending  their  long  axes   and   leaving  the   rest  of  their   surfaces 

'  There  has  been  lately  added  to  the  masenm  at  Cambridge  the  bladder,  with 
cystitie  and  tbiak«iied  wall,  rrom  a  lad  who  died  in  Addenbrooka'a  HocpitaL  The 
nntera  were  dilated,  and  there  was  hydranepbrosle  oa  both  eidea.  Od  the  tcft 
side  of  the  bladder,  near  the  entrance  of  the  ureter,  but  separate  from  it,  ««  two 
small  orifices  of  aaccnli,  each  of  which  waa  filled  by  a  phospbatic  calcnltu  □early 
the  size  of  a  walnu^  of  bard  structure  and  with  concentric  lamina.  These  two 
■accnli  displaced  and  stretched  the  ureter,  and  maBt,in  some  degree,  hare  obatncied 
the  paBBafce  of  urine  tbroogh  it.  On  the  right  side,  also  near  the  areter,  bat 
not  iDterfering  with  it,  ia  a  small  siccolna  which  did  not  contain  »  calculus. 
Tbere  was  no  calculus  in  the  bladder,  and  it  ia  not  easy  to  deoide  what  detenained 
the  fonnatioii  of  the  saocoli  and  tbe  formation  of  the  calenli  in  the  two  saccoli 
on  the  left  side.      Still  more  recently  a  specimen  has  been  added  of  enlarged 

Sroatate,  with  nameroni  small  calculi  lodged  in  sacculi,  or,  rather,  faacicatated 
epressiona  in  the  bladder. 
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uncovered,  of  which  fig.  4  is  an  illustration.  Does  this  indicate  that 
the  salts  haye  a  tendency  to  settle  upon  the  ends  or  more  prominent 
parts  of  the  calculi,  as  in  the  instance  of  the  square  uric-acid  calculus 
before  mentioned,  in  which  a  collection  of  porous  uric  acid  is  seen  in 
each  of  the  four  corners  ?  This  large  calculus,  the  other  half  of  which 
is  in  St  Bartholomew's  Hospital,  is  partially  covered  by  thick, 
defined,  irregular  bands  of  phosphates,  the  intervening  parts  of  the 
surface  being  free.  The  cause  of  this  irregularity  in  the  deposit  I 
cannot  tell.  The  calcium  oxalate  calculus  is  less  Hable  to  varieties  of 
form  than  the  uric  acid,  perhaps  because  the  needle-like  radiation  of 
its  crystals  is  a  more  determined  factor,  and  leads  to  the  more 
definitely  spherical  shape.  In  Guy's  Hospital,  however,  there  is  a 
square  calciilus  of  this  material,  also  a  cast  (I  believe)  of  one  which 
is  elongated,  one  of  large  size  marked  by  a  deep  groove,  and  others 
of  different  shapes.  In  the  museum  of  St  Thomas's  Hospital  there 
is  an  example  of  several  faceted  calcium  oxalate  calculi  quite  smooth 
on  the  surface  and  nearly  colourless,  both  these  peculiarities  being 
very  rare,  for  this  variety  of  calculus  is  usually  single  and  dark- 
coloured.  In  that  museum  also  is  an  instance  in  which  knobs  of 
oxalate  have  formed  upon  a  uric-acid  calculus. 

ConcefUric  and  radial  fissuring  and  fragmentation  of  calculi, — 

There  is  in  the  uiic-acid  calculi,  evinced  more  particularly  when  they 

have  become  dry,  a  tendency  to  crack  into  layers  and  also  to  split 

radially,  such  as  may  be  seen  in  the  transverse  section  of  the  branch 

of  a  tree.     This  probably  depends  upon  the  concentric  and  radially 

fibrillar  arrangement  of  the  particles  of  the  calculus,  resembling  that 

which  was  noticed  by  Mr  Rainey  in  the  small  calcium  carbonate 

spheres  resulting  from  the  action  of  gum  upon  anunonium  carbonate. 

It  facilitates  probably  the  breaking  up  of  the  stone  under  the  lithotrite, 

and  may  possibly,  under  certain  conditions,  such  as  some  change  in 

the  cementing  material  of  the  calculus,  lead  to  the  spontaneous 

division  of  the  stone  into  fragments  in  the  bladder.     A  supposed 

example  of  this  is  represented  in  Plate  XII.,  fig.  10,  of  the  catalogue 

of  the  Royal  College  of  Surgeons  of  England,  taken  from  a  specimen 

in  the  museum  at  St  Bartholomew's  Hospital,  in  which  a  portion  of 

the  outer  layer  of  the  calculus  has  become  detached.     One  cannot  but 

suspect  that  such  a  fragment  may  have  been  broken  off  in  sounding. 

There  do  not  appear  to  be  any  other  fissures  in  the  calculus,  and  it  is 

dif&cult  to  see  how  it  can  have  been  spontaneously  detached  in  the 

bladder.    The  same  remarks  apply  to  the  two  cases  mentioned  by 

Mr  Southam  ;^  and  in  the  third  case,  communicated  to  him  by  Mr 

JLuke,  the  Hthotrite  had  been  used  and  the  stone  had  twice  slipped 

from  under  it.     Instances  of  supposed  spontaneous  disintegration  of 

calculi  are  also  given  by  Dr  Ord.^    Mr  Goulson^  mentions  a  case 

in  which  fragments  of  the  shell  of  a  medium-sized  uric-acid  calculus 

Tv^ere  spontaneously  detached  and  passed  from  the  bladder.     The 

^  Brii.  Med,  Jour.,  Jan.  4tli,  1868. 

*  Ch9.  cU.,  p.  98. 

*  Transactuma  of  the  Pathological  Society,  vol.  zv.  p.  148. 
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detachment  was  judged  to  have  been  caused  by  the  violent  contact 
of  two  stones  during  severe  attacks  of  bladder  irritation.^ 

Colour  and  concentric  colour-markings, — ^Each  variety  of  calculus 
acquires  its  particular  colour.     The  uric  acid  attracts  the  urochrome 
of  the  urine,  which  gives  it,  whether  in  the  form  of  gravel  or  atone, 
a  reddish-brown  or  fawn  colour.     Owen  Rees  is  said  to  have  seen  one 
perfectly  white.*    The  dark  colour  of  the  calcium  oxalate  has  been 
attributed  to  an  admixture  of  the  colouring  matter  of  the  blood ;  but 
its  uniform  diffusion  seems  rather  to  point  to  its  depending  upon  some 
modification  of  the  colouring  matter  of  the  urine  which  takes  place 
during  the  formation  of  its  crystals.    I  have  already  mentioned  an 
instance  in  which  the  colour  was  absent.     The  oxalate  so  rarely 
passes  as  gravel  that  we  have  not  much  opportunity  of  determining 
its  colour  under  those  circumstances.    The  disposition  of  the  colour 
in  alternating  deeper  and  fainter  lines  shading  into  one  another,  and 
giving  the  concentric  markings  common  in  compact  uric-acid  calculi, 
is  not  quite  easy  to  account  for.     The  lines  are  usually  in  complete 
circles,  though  varying  in  depth  and  definiteness  in  different  parts  of 
the  circumference,  and  in  different  parts  of  the  thickness  of  a  calculus. 
Yet  in  this  thirty-two-ounce  stone  they  have  evidently  been  formed 
in  fairly  regular  order  through  many  years.     Such  colour-markings 
are  by  no  means  peculiar  to  uric-acid  calculi.     They  are  sometimes 
seen  faintly  in  the  oxalates  and  in  the  harder  phosphates,  though  in 
the  latter  they  may  have  relation  to  admixture  with  uric  acid  oi 
calcium  oxalate  in  certain  of  their  layers.     They  may  be  discernible 
in  gall-stones,  and  are  often  strongly  marked,  as  in  this  specimen,  in 
the  stones  composed  mainly  of  carbonate  of  lime,  found  in  the  intes- 
tines of  horses,  and  also  in  other  instances.     Are  we  to  suppose,  in 
the   case  of  uric-acid  calculi,  that  they  depend  upon  alternating 
changes  in  the  urine  which  indicate  subtle  changes  in  the  system  not 
otherwise  evinced,  such  as  might  be  caused  by  changes  of  food,  changes 
of  temperature  as  in  the  rings  in  trees,  or  other  influences  ?     They  are 
not  numerous  enough  to  be  diurnal,  and  they  are  too  numerous  to  be 
annual.     Or  do  they  depend,  like  the  concentric  rings  in  bone,  which 
exhibit,  and  are  caused  by,  the  arrangement  of  the  bone  corpuscles, 
upon  some  determining  quality  in  the  material  itself  1    The  frequently- 
occurring  calculi  in  which  layers  of  compact  and  porous  uric  acid 
exist  in  super-imposed  layers,  with  varying  amounts  of   urate -of 
ammonia,  also  the  "  alternating  calciili "  composed  of  uric  acid,  calcimn 
oxalate,  and  phosphate  of  lime  occurring  and  recurring  in  varying 
layers,  must  depend  upon  corresponding  changes  in  the  urine,  and 
form  an  argument  in  favour  of  the  former  hypothesis.     At  any  rate, 
a  question  of  some  interest  in  pathology  and  physiology  is  opened  up 
by  these  markings  and  other  alternations  observable  in  calculi. 

I  have  mentioned  that  the  more  porous  uric-acid  substance  differs 
from  the  compact  in  the  greater  contingent  of  mucus,  which  gives  to 

*  See  also  "  Case  of  Spontaneous  Fracture  of  Uric  Acid  Calculi,"  by  Dr  Plo^- 
right,  and  discussion  at  a  meeting  of  the  PathologiecU  Sodeiy  qf  ionion^  in  Th* 
LofMiet  of  Oct.  19th,  1895.  «  Ashharst,  toe  at,  vol.  vL  p.  166. 
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it  a  mote  or  lees  granular  oi  amorphous  character,  and  that  it  does 
not  acquire  the  regular  colour-markinga  just  described.  It  does,  how- 
ever, often  present  a  radially  coarse  fibrous  structure  with  traces  of 
concentric  layers.  In  this  specimen  (figs,  o  and  ti)  the  ladiating  bars 
are  crossed  and  connected  by  tiers  of  concentric  strata ;  and  the  two 
have  the  effect  of  dividing  up  the  calculus  in  such  a  manner  as  to 


enclose  regular  squares  or  donated  spaces  or  small  chambers  witli 
defined  walls  and  angles.  How  the  curious  arrangement  came  about 
I  cannot  telL  The  porous  calcuh  usually  conform  to  the  flattened 
oval  uric-acid  type,  and  when  the  porous  is  added  to  the  compact  uric 
acid  it  commonly  does  the  same ;  but,  as  I  have  before  said,  it  may 
l>e  limited  to  some  part  or  parts  of  the  surface,  perhaps  to  the  more 
projecting  parts,  as  the  ends,  and  give  in  that  case  an  elongated  form 
to  the  calculus. 
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Erosion  of  calctUi  in  the  bladder. — I  have  not  been  able  to  satisfy 
myself  of  any  clear  evidence  of  tbe  solution  or  erosion  of  calculi  in  tbe 
bladder.     The  grooves  on  the  snrface  often  attributed  to  that  caufle 
are  usually  smooth  and  crescentic,  or  circular,  and  are  obviously  due 
to  the  projection  of  rugs  or  bands  from  the  internal  surface  of  tlie 
bladder,  which  have  interfered  with  the  deposit  upon  the  stone  where 
they  embraced  it.     The  calculus  is  not  uncommonly  thus  modified, 
acquiring  an  hour-glass  shape,  or  being  constricted  in  various  ways. 
The  hinder  edge  of  the  trigone,  as  seen  in  Sir  Thomas  Adams's  stone, 
may  be  the  cause,  or  the  pressure  of  the  urethral  orifice  upon  a  calculus 
which  projects  into  the  more  yielding  prostatic  part  of  the  urethra. 
These  supposed  evidences  of  erosion  are  most  common  in  compact  mio 
acid  calcuU,  which  one  would  not  judge  most  likely  to  undergo  solu- 
tion.    The  coloured  rings  may  now  and  then  be  seen  to  be  incurved 
at  the  grooves,  but  they  more  commonly  stop  short  and  terminate  in 
rounded  ends  at  the  margins  of  the  grooves  (as  seen  in  fig.  4) ;  or  they 
may  terminate  even  more  abruptly  so  as  to  give  some  countenance  to 
the  erosion  theory,  not,  however,  enough  to  counterbalance  the  facts 
that  the  grooves  are  smooth ;  and  in  some  instances,  even  where  the 
rings  terminate,  as  I  have  mentioned,  the  grooves  are  known  to  have 
been  caused  by  constricting  bands,  and  the  remainder  of  the  surface 
of  the  calculus  gives  no  indications  of  a  solvent  action.     Further,  in 
some  a  coating  of  deposit,  uric  or  phosphatic,  has  formed  over  the 
whole  surface,  including  the  grooves,  which  scarcely  accords  with  the 
view  of  erosian  of  any  part.     The  rough,  sharply-defined  depressions 
or  holes  seen  upon  some  calculi  are  more  suggestive  of  erosion,  but 
they  probably  depend  upon  irregularity  in  the  phosphatic  or  other 
deposit  rather  than  upon  erosion.      There  is  in  the  museum  at  St 
Thomas's  Hospital  a  large  uric-acid  calculus  resembling  that  from  Sir 
Thomas  Adams,  and  with  a  similar  constriction  or  groove.     The 
exterior  is  described  as  being  "  water-worn  and  the  colour  wsished  out." 
It  presents  to  me  more  the  appearance  of  being  coated  with  a  layer 
of  rather  lighter  material  than  the  rest  of  the  stone,  intermixed 
probably  with  some  phosphates,  which  had  been  deposited  in  an 
irregular  or  tuberculated  manner,  so  as  to  give  the  impression  that 
the  surface  had  been  acted  on  by  the  urine  or  "  water-worn."     One  is 
rather  at  a  loss  to  know  by  what  ingredients  in  the  urine  the  solution, 
whether  of  uric  or  phosphatic  calcuH,  could  be  eflTected.     It  is  possible 
that  certain  changes  in  the  urine,  acting  upon  the  cementing  material 
of  the  surface  of  the  calculus,  as  suggested  by  Dr  Ord  ^  with  reference 
to  the  disruption  of  calculi,  might  lead  to  the  removal  of  particles 
which  pass  away  with  the  urine ;  but  the  whole  subject  is,  I  think, 
8ti\l  stii  jtuiice. 

Phosphatic  calculi. — Phosphatic  calculi  do  not  assume  any  regular 
or  special  form,  like  the  uric  or  oxalate  calculi.  When  added  on  to 
other  calculi,  the  phosphatic  concretion  commonly  continues  the  form 
of  that  upon  which  it  is  laid,  or,  as  I  have  already  said,  it  may 
prolong  it  in  certain   directions  or  be  deposited  in  various    ways: 

^  Op,  eiL,  i*.  97. 
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and  it  is  said  not  to  possess  the  property  of  cohering  into  a  calculus 
or  upon  a  calculus,  except  in  the  presence  and  under  the  colloidal 
influence  of  mucus  or  pus.  In  the  museum  at  St  Mary's  Hospital 
there  is  a  uric-acid  calculus  with  phosphatic  deposit  on  one  side  only, 
as  though  the  stone  has  rested  quietly  on  one  surface  in  the  bladder 
and  the  phosphates  had  been  limited  to  the  uncovered  or  exposed 
part.  In  that  museum  is  also  a  curious  pyrif orm  phosphatic  calculus 
•composed  apparently  of  eight  faceted  pieces  accurately  adapted  to  one 
another ;  and  a  fiinger-like  process  which  extended  into  tiie  urethra 
is  marked  off  from  the  remainder  by  a  deep  constricting  groove 
formed  by  the  neck  of  the  bladder.  It  was  taken  after  death 
from  a  man  who  had  for  many  years  suffered  from  the  effects  of 
fracture  of  the  spine.  In  the  same  museum  there  are  also  two 
disc-shaped  faceted  phosphatic  calculi  of  the  size  of  beans,  removed 
from  the  phimosed  prepuce  of  an  old  man  who  died  from  hydrone- 
phrosis. They  are  said  to  have  caused  retention  of  urine.  It  is 
often  stated  Uiat  phosphatic  deposit,  being  due  to  inflammation  of 
the  bladder  and  consequent  decomposition  of  the  urine,  is  a  final 
deposit  upon  a  calculus  and  is  not  followed  by  any  other  material. 
This,  however,  is  disproved  by  numerous  specimens  in  which  rings  of 
uric  acid  and  calcium  oxalate  are  seen  encircling  the  phosphatic 
formation  or  alternating  with  it.  In  some  examples  the  alternating 
and  waving  disposition  of  the  oxalate  presents  a  variegated  and  pretty 
section,  not  unsuitable,  as  was  remarked  to  me,  for  a  lady's  brooch. 
In  an  example  at  the  Boyal  College  of  Surgeons  of  England  a  phos- 
phatic calculus  with  a  considerable  projection  at  one  part  is  encircled 
by  a  waving  line  of  calcium  oxalate.  In  these  cases  the  phosphate 
is  usually  compact,  indicating  that  the  bladder  inflammation  upon 
which  it  depended  was  not  very  severe.  I  do  not  think  that  the 
looser,  softer  phosphatic  substance,  the  result  of  more  active  inflamma- 
tion, is  followed  by  other  deposit — at  least,  I  have  not  met  with  an 
instance  in  which  it  was  so. 

Bone,  teeth,  and  hair  in  the  bladder. — These  portions  of  bone  with 
teeth  and  hair,  covered  with  phosphate  of  lime,  I  removed  through 
the  urethra  from  the  bladder  of  a  woman  who  quite  recovered  from 
the  operation.  The  finger  introduced  into  the  bladder  did  not  discover 
any  other  disease.  The  supposition  is  that  the  masses  originated  in 
the  ovary,  probably  in  a  congenital  cyst,  and  found  their  way  into 
the  bladder,  after  the  manner  in  which  an  extra-uterine  foetus — or 
the  bones  of  one— occasionally  travels  into  the  rectum.     In  University 

-College  there  is  a  phosphatic  calculus  elongated  at  one  end  where 
there  is  a  foetal  tibia  which  formed  the  nucleus  of  the  stone.  After 
the  death  of  the  patient  other  remains  of  a  foetus  were  found  in  the 
right  iliac  fossa.  Dr  Beale^  mentions  an  instance  in  which  hairs 
that  have  escaped  from  an  ovarian  cyst  into  the  bladder  formed  the 

nuclei  of  calculi ;  and  gall-stones  are  said  to  have  been  passed  from 
the  urinary  bladder,  having  found  their  way  into  that  viscus  in  con- 

.sequence  of  a  communication  found  between  it  and  the  gall-bladder.^ 

^   Urinary  Dqxfnta,  1869,  p.  419.  ^  Asbliuist,  loe.  citt  vol  yi.  p.  164. 
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RECENT  MEMOmS  ON  THE  ANATOMY  OF  PRBIATES. 

I.  Coniributiom  to  the  Anatomy  of  Anthropoid  Apes.     By  F.  K 

Bbddabd.     Trans,  Zod.  Soe.,  ziii.,  1893. 

II.  A  Description  of  the  Cerebral   Conwlutions  of  the  CMmpataee 

Jcnown  as  "  Sally,*^  with  Notes  on  the  Convolutions  of  other  Chim- 
panzees and  of  two  Orangs.  By  W.  B.  Bbnham.  Quart  Joum. 
Mic.  /81ct.,  Nov.  1894,  and  Idnacre  Reports,  voL  ii,  Oxford,  1895. 

III.  Untersiu^ngen  iiher  die  Grosshimfurehen  der  Primateti.  Von 
W.  KOeenthal  and  Th.  Zibhen.  Jenaiscke  Zeitsch.,  vol  xxiz., 
1894. 

rV.  Notes  on  the  Dissection  and  Brain  of  the  Chmipanzee  " Gumbo" 

By  Thos.  Dwight.    Memoirs  of  Boston  Society  of  Nat.  History, 

vol.  v.,  No.  2,  1895. 
V.  Observations  sur  deux  Orang  Outans  adultes  morts  a  Paris,  par 

MM.  A.  Milne  Edwards,  J.  Denikbr,  R.  Boulart,  E.  de  Poua- 

ABGUES,  F.  Delislb.     Nouvdles  Archives  du  Museum  cPhistoire 

Naturelle,  3®  s6rie,  T.  vii.,  Paris,  1895. 
YI.  The  Papillary  Rvdges  on  the  Hands  and  Feet  of  Monkeys  and 

Men.    By  David  Hepburn.    Scientific  Transactions  of  the  Eoyal 

Dublin  Society,  vol.  v.,  series  2,  1896. 

VII.  Sur  les  plis  cerSbraux  des  Lemuriens  en  general  et  du  Lon» 
grUe  en  partictdiSr,  par  Thj&ofhile  Ghxtdzikski.  Bulletins  ds 
la  SociStS  d^ Anthropologic,  July  4,  1895. 

In  this  memoir,  in  addition  to  the  brain  of  Loris,  the  author 
describes  and  figures  those  of  Lemur  nigrifrons  (Maki)  and 
Lemur  indri. 

VIII.  "  On  the  Ligaments  of  the  Catarrhine  Monkeys,  with  referents 
to  corresponding  Structures  in  Man" ;  **0n  a  theory  to  account 
for  the  various  arrangements  of  the  flexor  profundus  digitorum  in 

the  hand  and  foot  of  Primates  "  ;  "  The  Growth  of  the  Brain  in 
Men  and  Monkeys,  with  a  short  criticism  on  the  usual  method  of 
stating  Brain  Ratios  "  ;  "  The  Modes  of  Origin  of  the  Carotid  of^ 
Subclavian  Arteries  from  the  Arch  of  the  Aorta  in  some  of  the  higher 
Primates  "  ;  *^Ona  variation  that  occurs  in  the  Manubrium  Stemi 
of  higJier  Primates" ;  by  Arthur  Keith,  MB.,  have  appeared 
in  the  Journal  of  Anatomy  and  Physiology,  vols,  xxviii,  zxix., 

XXX. 

I.  In  this  memoir  Mr  F.  E.  Beddard  describes  the  anatomy  of 
two  anthropoids  in  the  collection  of  the  Zoological  Society  of  London. 
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The  Chimpanzee  "  Sally  "  had  been  in  the  Garden  for  eight  years  and 
some  months.  He  regards  it  as  a  specimen  of  the  Bald-headed 
Chimpanzee,  T,  ealvus.  He  describes  its  external  characters,  including 
the  ear,  hand,  and  foot ;  the  muscular  system,  palate,  and  brain.  The 
brain,  after  removal  of  the  pia  mater  and  immersion  for  four  months 
in  spirit,  weighed  8f  oz.  He  also  examined  the  Orang  known  in  the 
Gardens  as  "Greorge,"  and  gives  an  account  of  its  external  characters, 
muscular  system  and  palate,  but  he  does  not  describe  or  figure  the 
brain. 

II.  Dr  Benham  has  entered  into  a  more  detaUed  examination  of  the 
brain  of  the  Chimpanzee  "  SaUy  "  than  was  done  by  Mr  Beddard,  and 
has  adopted  the  nomenclature  employed  by  Professor  D.  J.  CunniI^;- 
ham  in  his  weU  known  memoir  on  the  surface  anatomy  of  the 
Cerebral  Hemispheres,  1892.  In  this  brain  there  was  an  absence  of 
a  well  defined  operculum  in  the  parieto-occipital  region,  and  a  diminu< 
tion  in  extent  of  the  so-called  "  afifenspalte  "  or  Simian  fissure,  so  that 
the  brain  is  in  this  region  more  hke  the  brain  of  the  orang  and  man 
than  of  the  more  ordinary  chimpanzee,  but  nearer  to  man  than  the 
orang.  Benham  regards  "Sally"  as  merely  a  variety  of  T,  tUger 
rather  than  the  species  T.  caltms.  From  a  comparison  of  the  brains  of 
several  chimpanzees,  Benham  concludes  that  the  occipital  operculum 
presents  great  variations  in  size,  and  is  often  imsymmetrical  in  the 
two  hemispheres.  The  affenspalte  seems  to  be  homologous  with  the 
sulcus  transversus  occipitalis  of  Ecker,  and  to  be  independent  of  the 
bifurcation  of  the  intraparietal  fissure.  The  parieto-occipital  fissure 
on  the  cranial  surface  of  the  hemisphere  is  independent  of  the  afifen- 
spalte, and  is  not  synonymous  with  the  fissure  frequently  named  in 
the  text-books  "external  parieto-occipital."  In  some  chimpanzees 
the  anterior  Hmb  of  the  Sylvian  fissure  has  a  ramus  ascendens  and  a 
ramus  horizontalis  which  enclose  a  pars  triangularis  or  frontal  oper- 
culum, overlapping  the  insula.  The  paper  concludes  with  some  notes 
on  the  brains  of  two  orangs. 

HI.  Messrs  Kiikenthal  and  Ziehen  have  conducted  an  investigation 
into  the  furrows  and  convolutions  of  the  hemispheres  of  a  nimiber 
of  apes.  They  have  described  and  figured  examples  of  the  genera 
Midas,  Hapale,  Brachyurus,Pithecia,  Nyctipithecus,  Callithrix,  Chryso- 
thrix  (no  figure),  Cebus,  Ateles,  Lagothrix,  Mycetes,  Cynocephalus, 
Macacus,  Cercopithecus,  Cercocebus,  Semnopithecus,  Hylobates, 
Orang  and  Chimpanzee;  the  descriptions  are  methodicaUy  written, 
and  the  figures  are  arranged  so  as  to  admit  of  the  ready  comparison 
of  one  brain  with  another.  They  also  draw  attention  to  the  human 
brain  in  comparison  with  those  of  apes,  and  formulate  their  conclu- 
sions in  several  propositions  which  are  too  long  to  incorporate  in  the 
space  at  our  disposal. 

rV.  Professor  Dwight  gives  an  account  of  the  dissection  of  a  male 
Chimpanzee  "  Gumbo,"  probably  10  to  12  years  old.  He  had  not 
quite  reached  his  full  size,  as  some  of  the  epiphyses  were  distinct  and 
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the  permanent  dentition  was  not  complete.  In  his  account  of  the 
muscular  system  he  has  made  especial  use  of  Dr  Hepburn's  account 
of  the  limb  muscles  of  the  anthropoids  published  in  this  Journal^  vol 
xxvi.  In  his  account  of  the  brain  he  recognises  a  pars  triangularis  in 
the  inferior  frontal  convolution,  already  referred  to  in  Benham^s 
description.  The  arcus  parieto-occipitalis,  or  pli  de  passage  of 
Gratiolet,  surrounds  the  external  parieto-occipital  fissure ;  it  is  quite 
uncovered  by  the  operculum.  The  "  afifenspalte,"  eymmetrical  on  the 
two  sides,  runs  from  the  median  line,  just  behind  the  arcus,  to  the 
outer  lower  border  of  the  hemisphere.  The  lateral,  superior  and 
mesial  surfaces  of  the  hemisphere  are  figured. 

V.  M.  Alphonse  Milne  Edwards  writes  a  short  introduction  to  the 
description  of  the  dissection  by  the  naturalists  attached  to  the  Museum 
of  the  two  male  Orangs,  well  known  to  visitors  to   the    Jardin 
d'acclimitation  in  Paris.    The  largest  of  these,  "  Maurice,"  was  1  m. 
40  in  height  and  weighed  3  kiL  500 ;  the  smaller,  "  Max,"  was  1  m. 
28  in  height  and  weighed  65  kil.  500.     Milne  Edwards  considers 
that  there  is  only  one  species  of  orang,  but  that  individuals  can 
differ  materially  in  height,  dentition,  and  osteological  characters.    The 
dissection  of  the  laryngeal  sacs,  the  fatty  excrescences,  the  lungs,  and 
the  brain  was  entrusted  to  MM.  Deniker  and  Boulart.     They  have 
given  a  lucid  description  of  the  larynx  and  its  sacs  and  the  muscular 
apparatus  associated  therewith,  the  arrangement  of  parts  being  illus- 
trated by  several  figures.     The  brain  of  the  largest  orang  was  the 
only  one  examined.     The  entire  encephalon,  when  removed  from  the 
skull,  weighed  0  kil.  400.     After  10  days  in  alcohol  and  the  removal 
of  the  pia  mater  the  weight  was  only  264  grammes ;  44  days  later 
the  weight  was  260  grammes, — the  cerebellum,  bulb,  and  pons  being 
37  grammes,  the  hemispheres  223  grammes.     As  the  weight  of  the 
body  was  73  kil.,  the  brain  was  about  6  per  cent,  of  the  body. 
The  hemispheres    completely  covered    the    cerebellum,  but    their 
posterior  border  was  in  the  same  vertical  plane  as  that  of  the  cere- 
bellum.    M.  de  Pousargues  described  the  male  genital  apparatus,  and 
shows  wherein  it  agrees  with  and  differs  from  that  in  man;  the 
characters  are  illustrated  in  a  large  quarto  plate.     Kotes   on  the 
osteometry  and  craniometry  are  contributed  by  M.  Delisle,  who  also 
gives  a  description,  with  figures,  of  the  physiognomy  of  the  animals. 
In  its  cranial  capacity,  Maurice  measured   385  c.c. ;  Max  470  c.c 
Kine  other  crania  of  the  orang  were  also  cubed  and  found  to  vary 
from  475  to  340  c.c. ;  the  mean  capacity  of  the  eleven  sknlls  was 
408  c.c.    The  actual  and  relative  length  of  the  bones  of  the  limbs  are 
given,  and  a  number  of  measurements  of  the  crania. 

YI.  Dr  Hepburn's  research  into  the  papillary  ridges  on  the  hands 
and  feet  of  monkeys,  illustrated  with  five  quarto  plates,  is  one  of 
interest  and  novelty.  It  was  conducted  on  monkeys  in  the  collection 
of  the  Boyal  Zoological  Society  of  Ireland.  Although  the  author 
experienced  difficulties  in  conducting  the  inquiry  owing  to  the  rest- 
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lessness  of  the  animals,  yet  by  patience  and  care  a  number  of  good 
impressions  were  procured  of  the  pabus  of  hands  and  soles  of  the  feet 
of  Ateles  ater,  Gynocephalus  hahouin  and  mormon^  Cercopithecus  niger, 
CercocebusfuliginostLS,  Maeacutt  cynomolgua,  and  in  addition  dab  impres- 
sions of  the  right  index  and  medius  of  the  chimpanzee  were  obtained. 
The  patterns  of  the  ridges  in  the  lower  monkeys  were  much  more 
simple  than  in  man;  they  were  modified  loops,  whose  cores  were 
multiple  longitudinal  rods.  In  the  chimpanzee  and  orang  the 
patterns  more  closely  approximate  to  man ;  they  are  more  restricted 
in  size  and  complex  in  outline,  owing  to  the  more  circumscribed 
nature  of  the  area  which  they  cover.  The  papillary  ridges  and 
furrows  are  adjuncts  to  the  prehensile  function  and  power  of  the 
hands  and  feet,  as  well  as  arrangements  associated  with  increased 
sensibility  and  discrimination  of  touch. 

Annual  of  the  Universal  Medical  Sciences,  Edited  by  C.  E.  Sajous 
and  Seventy  Associates.  Five  volumes.  F.  A.  Davis  &  Com- 
pany, Publishers,  Philadelphia,  New  York,  Chicago.     1895. 

This  Annual  continues  its  useful  career,  and  gives  a  comprehensive 
retrospect  of  the  progress  of  medical  science  during  the  preceding 
year.  A  section  in  vol.  v.  is  devoted  to  a  synopsis  of  some  of  the 
more  recent  literature  of  Anatomy  and  Anatomical  Abnormalities. 
This  chapter  is  prepared  by  Drs  Testut  and  Vialleton,  who  deserve 
great  credit  for  the  manner  in  which  they  have  done  their  work, 
embracing  as  it  does  a  review  of  the  writings  of  men  of  various 
nationalities. 

It  is  conveniently  divided,  for  the  purpose  of  reference,  into  the 
following  parts :  general  considerations,  bones,  articulations,  muscles, 
heart  and  circulation,  nerves,  digestive  apparatus  and  genito-urinary 
apparatus,  so  that  at  a  glance  one  may  select  the  particular  subject  in 
which  one  may  be  interested.  The  whole  concludes  with  a  section  on 
malformations.  After  the  name  of  each  author  is  printed  a  number 
and  date,  the  former  referring  to  the  journal  from  which  the  extract 
has  been  taken,  the  corresponding  number  being  placed  against  the 
journal  quoted  in  the  reference  list  at  the  end  of  the  volume. 

More  space  is  given  to  the  literature  of  the  nervous  system,  and  the 
abstracts  are  more  detailed,  a  result  that  was  to  be  expected  from  the 
number  of  persons  who  are  devoting  their  attention  to  the  study  of 
this  subject.     In  the  part  dealing  with  malformations,  many  interest- 
ing and  curious  anomalies  are  recounted,  the  greater  number  of  them 
occurring  in  the  hands  and  feet,  the  hereditary  nature  of  these 
varieties  being  pointed  out.     We  notice,  too,  the  report  of  another 
case,  in  which  the  heart  and  stomach  were  placed  upon  the  right  side 
and  the  liver  on  the  left,  while  in  another  the  viscera  were  found  on 
auscultation  to  be  inverted.     The  five  volumes  reflect  great  credit 
npon  editor  and  publisher  alike,  and  no  trouble  appears  to  have  been 
spared  to  make   it  as  complete    as    possible,   and    of    value    for 
reference. 
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The  structure  of  Man  an  Index  to  his  Past  History,  By  Dr  R. 
WiBDBBSHHiH,  Professor  in  the  University  of  Freiburg  in  Baden, 
translated  by  H.  and  M.  Bbenabd,  the  Translation  edited  and 
annotated,  and  a  Preface  written,  by  G.  B.  Howbs,  F.L.S.,  Pro- 
fessor of  Zoology,  Boyal  College  of  Science,  London.  Macmillan 
and  Co.,  London  and  New  York,  1895,  8vo. 

This  book,  as  the  editor  says,  "  is  an  endeavour  to  set  forth  the  more 
salient  features  in  the  anatomy  of  Man  which  link  him  with  lower 
forms,  and  others  in  that  of  the  lower  forms  which  shed  a  special  light 
on  parts  of  the  human  organism,"  and  as  such  it  is  an  interesting, 
instructive,  and  suggestive  work,  though  many  will  feel  that  in  all  the 
details  it  is  not  quite  convincing.    The  main  features  of  similarity 
between  man  and  other  animals  are  obvious  enough,  showing  him,  in 
his  minute  structure  as  well  as  in  his  gross  anatomy,  in  his  physiology 
as  well  as  in  his  development,  to  be  a  member  of  the  animal  group. 
The  difficulty,  and,  of  course,  the  proportionate  interest,  arise  when 
we  come  to  draw  inferences  from  these  similarities  as  to  his  primitive 
history  and  origin.     In  this  work,  development,  so-called  embryonic 
remains  and  varieties,  are  the  chief  keys  which  are  used  to  unlock  the 
puzzles ;  and  they  are  freely  and  ably  used.     Inferences,  however,  in 
this,  as  in  other  branches  of  science,  often  outrun  facts.     There  would, 
indeed,  be  no  speculation  if  it  were  not  so ;  and  facts  are  often  made 
to  conform  to,  and  so  unduly  bent  to  support  inferences ;  facts  and 
inferences  thus  acting  and  reacting  upon  one  another.     This,  doubtless, 
has  been  rather  markedly  the  case  with  regard  to  the  subject  of  Evolu- 
tion since  the  Darwinian  theory  respecting  it  has  been  so  prominent 
before  men's  minds,  and  has  exerted  such  a  fascination  over  them. 

The  first  examples  are  drawn  from  the  tegumental  system.    The 
lanugo  or  foetal  hair  which  appears  about  the  twelfth  week  and  breaks 
through  at  the  end  of  the  fifth  month,  and  which  covers  the  whole 
body  or    nearly    so,   "renders  it  probable  that  man  was,  in  his 
primitive  state,  far  more  hairy  than  at  present,"  and  this  view  is  felt 
to  derive  confirmation  from  the  variable  amount  of  it  which  is  found 
in  individuals  of  many  nations,  and  the  extensive  covering  of  it 
possessed  by  the  Ainos.     The  claw-like  character  of  the  naOs  on  the 
lesser  fingers  and  toes  are  also  referred  to.     Many  examples  of  super- 
numerary mammsB  and  teats,  which  occur  both  in  man  and  woman, 
are  given  and  quoted.     The  variations  in  the  number  of  the  coccygeal 
vertebrae,  the  fact  that  "  at  an  early  stage  of  development  the  human 
embryo  possesses,  at  the  posterior  end  of  the  body,  in  direct  continuity 
with  the  developing  axial  skeleton,  a  free  projecting  pointed  appendage, 
bearing  an  undeniable  resemblance  to  the  tail  of  a  lower  animal," 
though  it  is  not  clear  that  the  latter  persists  into  extra  uterine  life  as 
a  tail,  also  the  variations  in  the  shifting  of  the  pelvis  forwards,  aw 
adduced  as  occasional  pjersistences  of  embryonic  conditions  aimilar  to 
those  of  the  lower  animals.     The  occasional  deficiency  in  the  first 
thoracic  rib  suggests  that  the  process  of  degeneration  at  the  upper 
end  of  the  thorax  may  be  in  progress,  though  it  here  goes  on  at  i 
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slower  rate  than  that  at  the  lower  end,  because  the  attachment  of 
certain  muscles  requisite  for  the  full  play  of  the  respiratory  move- 
ments prevents  or  interferes  with  the  further  degeneration  of  this 
part  of  the  skeleton.  In  the  skull,  many  features  and  varieties  are 
pointed  out  as  being  vestigial,  atavistic,  (fee,  but  not  much  is  added  to 
our  knowledge  under  this  head.  With  regard  to  the  limbs,  the  author 
agrees  with  Balfour  and  Dohm  in  regarding  the  limbs  of  the  verte- 
brates as  out-growths  from  the  primitive  body  segments,  and  thus 
believes  in  their  originally  segmented  matter,  and  sees  in  this  a)i 
argument  for  the  origin  of  existing  vertebrates  from  segmented 
invertebrate  ancestors.  In  other  words,  these  limbs,  which  in  origin 
are  polymerous,  involve  phylogenetically  a  certain  number  of  body 
segments  with  their  muscles  and  nerves ;  and  these,  in  consequence  of 
functional  adaptation,  must  necessarily  undergo  different  modifications 
in  the  different  groups  of  vertebrates  (p.  67). 

It  is  suggested  that  the  epicondyloid  holes  occasionally  seen  in 
the  humerus  in  man,  and  more  frequently  in  some  other  animals,  may 
be  the  result  of  incomplete  fusion  of  the  segments ;  and  it  is  believed 
that  in  process  of  time  the  fore  limb,  originally  a  mere  cervical 
appendage,  has  been  shifted  backwards  to  a  more  thoracic  position ; 
while  the  hind  leg,  originally  a  mere  caudal  appendage,  has  been 
moved  forwards,  slight  changes  in  the  corresponding  metameric  nerves 
being  associated  therewith.  The  apparent  degeneration  of  the  phal- 
anges of  the  fifth  and  two  adjacent  toes  gives  rise  to  the  suggestion 
of  a  prediction  that  the  human  foot  may  end  by  possessing  only  two 
two-jointed  toes,  the  great  toe  and  its  neighbour. 

It  is  remarked,  and  probably  with  truth,  "that  hardly  a  single 
human  subject  has  been  examined  which  has  not  shown  some 
variation  or  other  in  the  muscular  system";  and  this  emharras  de 
richesses  is  "considered  in  the  following  order;  (1)  retrogressive  or 
vestigial  muscles,  such  as  the  hinder.  The  serrcUi,  with  their  fading 
connection,  the  coccygei,  the  rectus  and  pyramidcdis  abdominis,  the 
plah/sma  and  other  cutaneous  muscles,  the  palmaris  and  plantaris ; 
(2)  muscles  which,  appearing  only  occasionally,  are  considered  to 
be  atavistic,  such  as  the  deido-ocdpitalis,  bundles  connecting  the 
pectoralis  and  the  trapezius,  the  stemalis,  &c. ;  (3)  progressive  muscles, 
such  as  those  about  the  face  and  the  hand.  In  the  nervous  system 
and  the  sense  organs,  the  pineal  and  pituitary  glands,  Jacobson's 
organ,  the  plica  lachrymalis,  <&c.,  are  pointed  out  and  traced  as 
vesti^al  organs.  Similar  evidences  of  ascent  and  descent  of  ancestral 
or  vestigial  remains  are  traced  in  several  viscera.  In  his  concluding 
remarks,  the  author  says : — 

"In  the  course  of  Philogeny  the  body  of  man  has  undergone  a 
series  of  modifications  which  still,  in  part,  find  expression  in  his 
Ontogeny.  There  are  indications  that  changes  in  his  organisation 
are  still  continuing,  and  that  the  man  of  the  future  will  be  different 
from  the  man  of  to-day." 

"  It  follows  from  the  above  that  in  the  course  of  a  long  geological 
period  man  has  gradually  lost  a  great  number  of  advantages  once 
poBsesBod  by  his  ancestors,  and  the  question  arises  whether  he  has 
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acquired  any  others  in  exchange  for  those  lost.  This  certainly  i&  the 
case ;  and  this  indeed  must  have  been  so,  otherwise  the  species  Homo 
would  have  failed  in  the  struggle  for  existence.  We  thus  have  a 
series  of  changes  based  (if  we  take  only  the  most  important  organ 
into  consideration)  upon  the  unlimited  capacity  of  development  of 
the  human  brain.  This  one  acquisition,  supported  by  an  increased 
functional  efficiency  of  the  hand,  and  by  tlie  development  of  articulate 
speech,  has  entirely  compensated  for  the  loss  of  the  great  series  of 

advantageous  arrangements  mentioned  above " 

"This  momentous  change  took  place  slowly,  and  only  after  great 
opposition.  'But  what  is  it  that  actually  initiates  these  various 
changes  ?  what  is  their  first  cause? '"  For  the  answer  the  author  falls 
back  "on  the  general  law  of  selection"  propounded  by  Charles  Darwin, 
which  may  be  summed  up  as  follows :  survival  only  of  the  fittest, 
transmissibility  by  inheritance,  and  the  gradual  improvement  of  what 
is  advantageous  from  generation  to  generation  till  the  highest  poosible 
degree  of  perfection  is  reached.  The  sufficiency  of  these  agencies  to 
bring  about  the  ends  we  see  is  much  questioned  by  some  thoughtful 
and  observant  biologists;  but  into  the  arguments  bearing  on  this 
interesting  question  we  must  not  here  enter. 


Beitrdge  zur  Physischen  Antkropologie  der  Aino.      II.  Untersuchungen 
am  Lebenden.     Von  Dr  Koganki,  Tokio,  1894, 

In  out  number  for  April  1894,  we  called  attention   to   the  first 
part  of  Dr  Koganei's  researches  on  the  physical  anthropology  of  the 
people  of  Yesso,  which  was  devoted  to  the  skeleton.     He  has  now 
published  in  the  second  volume  of  the  Mittheilungen  der  medicinischen 
Faeultdt   derKcUserlichrJapanischen    Universitdt  zu  Tokio^  a  second 
series  of  his  researches,  embracing  the  external  characters  of  living 
persons.     The  measurements  were  taken  on  166  persons, — 95  men, 
71     women, — -comprising    Yezo  —  Sachalin  —  and    Kuriten-Ainos. 
Their  age  was  between  20  and  68  in  the  men,  and  17  and  65  in  the 
women.     The  characters  of  the  integument  are  described  :  in  colour 
it  is  different  shades  of  brown,  frequently  with  indications  of  red  and 
at  times  shades  of  grey.     Tattooing  is  not  customary  in  the  men,  but 
is  common  in  women  between  the  eyebrows,  around  the  month,  and 
on  the  forearm  and  back  of  the  hand.     The  hair  is  strong,  abundant, 
and  black.     The  mean  height  of  the  men  is  1567  mm.,  the  range 
being  from  1410  to  1730  mm. ;  the  mean  of  the  women  is  1471  mm., 
the  range  being  from  1325  to  1620  mm.     The  head  measurements 
give   for  the  men   23'2  per   cent,   dolichocephalic ;  61*1  per  cent, 
mesocephalic ;  15*8  per  cent,  brachy cephalic  :  for  the  women,  11*3 
per  cent,   dolichocephalic ;  59*2   per  cent,   mesocephalic ;  29*6  per 
cent,  brachycephalic.     The  form  of  the  eyes  is  more  European  than 
Mongolian.     The  nasal  index  is  68-0  for  the  men,    66*7  for  the 
women.    The  memoir  abounds  in  measurements  of  the  face,  body, 
and  limbs,  and  comparisons  with  the  corresponding  dimensions  in  the 
Japanese  are  made. 
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ON  THE  FORMATION  AND  STRUCTUEE  OF  THE  OPTIC 
NERVE,  AND  ITS  RELATION  TO  THE  OPTIC 
STALE.  By  Abthub  Robinson,  M.D.,  Sermr  Demon- 
strator of  Anatomy,  The  (hoem-  College,  Manchester. 
(Plats  VIL) 

The  time  has  long  since  passed  when  the  optic  nerve  was  looked 
upon  as  corresponding,  in  all  essential  respects,  with  a  typical 
nerve  of  the  cerebro-spinal  system,  for  conclusive  proof  was 
furnished,  by  the  observations  of  the  earlier  embryologists,  that 
the  optic  nerve  is  preceded  by  an  outgrowth  from  the  brain 
which  extends  to  the  retina,  and  which  consists  of  epithelial 
cells,  arranged  in  the  form  of  a  hollow  stalk — the  optic  stalk  of 
the  embryo.     It  is  also  well  known  that  this  condition  is  only 
transient,  the  epithelial  stalk  being  ultimately  replaced  by  a 
fibrous  nerve — ^the  optic  nerve  of  the  adult.    These  simpler  con- 
ditions have  been  generally  recognised,  but  differences  of  opinion 
have  arisen  concerning  the  manner  in  which  the  epithelial  stalk 
is  converted  into  the  fibrous  nerve,  some  observers  looking  upon 
the  stalk  merely  as  a  matrix  through  which  the  optic  nerve 
fibres  pass,  in  their  course  from  origin  to  termination,  whilst 
others  have  contended  that  the  epithelial  cells  of  the  stalk  are 
directly  converted  into  the  fibres  of  the  optic  nerve. 

Later  researches,  aided  by  improved  methods,  have  demon- 
strated the  fallacy  of  the  latter  contention,  and  there  can  no 
longer  be  any  doubt  that  the  fibres  of  the  optic  nerve  originate 
outside  the  limits  of  the  optic  stadk,  and  that  the  majority  of 
them  grow  from  the  cells  of  the  retina  to  the  brain,  whilst 
others  probably  arise  in  the  brain  and  grow  to  the  retina; 
nevertheless,  English  authors  have  hesitated  to  accept  this  con- 
voi*  XXX.  (n.s.  vol.  X.)  Y 
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clusioD,  for  the  origin  in  situ  is  still  adhered  to  in  Foster's  Text- 
Book  of  Physiology  (4);  and  comparatively  recently  the  late 
Professor  Marshall  wrote, "  it  is  at  present  uncertain  whether 
the  fibres  of  the  optic  nerve  of  the  rabbit  are  developed,  in 
situ,  from  the  walls  of  the  tubular  optic  stalk,  or  whether,  as 
seems  far  more  probable,  they  arise  in  the  retina  and  grow  aloi^ 
the  optic  stalk  to  the  brain"  (12).  In  the  last  edition  of 
Quain's  Anatomy,  however.  Professor  Schafer  (15)  is  very  defi- 
nite, stating  clearly  that  the  nerve  fibres  arise  from  the  neuro- 
blasts of  the  retina,  and  grow  backwards  to  the  brain.  This 
being  granted,  so  far  as  the  majority  of  the  fibres  are  concerned, 
the  relation  of  the  fibres  to  the  optic  stalk  still  remains  to 
be  decided. 

According  to  W.  Miiller's  (14)  observations  upon  the  lamprey, 
and  Kolliker's  (9)  upon  rabbits,  pigs,  and  calves,  the  fibres  grow 
amidst  the  cells  of  the  stalk ;  and  farther  confirmation  of  this 
process  of  growth  is  afforded  by  the  observations  of  Eeibel  (8) 
upon  reptiles,  and  of   Froriep  (5)  upon  cartilaginous  fishes. 
Assheton,  however  (1),  states  that  in  the  frog  "  the  optic  nerve 
is  developed  independently  of  the  optic  stalk,  the  nerve  fibres 
lying  along  the  posterior  border  of  the  stalk,  and  at  first  entirely 
outside  it;  but  on  the  breaking  down  of  the  stalk,  some  of  the 
nerve  fibres  grow  in  between  the  cells."    If  the  condition  which 
Assheton  found  in  the  frog  is  present  in  mammals  also,  then  it 
follows  that  the  sustentacular  framework  of  the  optic  nerve  of 
man  may  consist  for  the  most  part,  like  the  framework  of  an  ordi- 
nary cerebro-spinal  nerve,  of  mesoblastic  tissue  surrounding  and 
embedding  the  epiblastic  nerve  fibres ;  but  if  Miiller's  (14)  and 
Kolliker's  (9)  statements  are  well  founded,  then  the  sustentacular 
tissue  of  the  optic  nerves  in  man  and  mammals  must  consist 
chiefly  of  epiblastic  tissue  derived  from  the  primitive  epithelial 
cells  of  the  optic  stalk;  and  as  this  is  a  matter  of  some  morpholo- 
gical, and  certainly  of  pathological,  importance,  the  following 
record  of  a  series  of  observations  upon  the  development  of  the 
optic    nerve,  its  relation  to  the  optic  stalk,  and   the  forma- 
tion of  the  sustentacular  tissue  in  mammals  may  be  of  some 
interest. 

The  material  used  consisted  of  human  embryos,  and    the 
embryos  of  cats,  ferrets,  sheep,  rabbits,  rats,  and  mice.      In  all 
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these  animals  the  phenomena  observed  were  essentially  the 
same  at  similar  stages ;  but  as  the  series  of  rodent  embryos  is 
the  most  complete,  the  statements  hereafter  made  are  based 
more  particularly  upon  the  evidence  furnished  by  that  series, 
and  sections  of  the  optic  nerves  of  rodents  have  alone  been  used 
for  purposes  of  illustration. 


Specimen  L    (Fig.  1.) 

A  rat  embryo  65  mm.  long. 


Length  of  optic  stalk  '367  mm. 
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The  stalk  was  hollow  throughout  its  whole  length,  and  its 
walls  consisted  of  nucleated  protoplasm,  indications  of  cellular 
segmentation  being  observable  only  near  the  canal  and  at  the 
periphery;  here  and  there,  however,  there  were  more  clearly 
defined  elements,  which  resembled  closely  the  germinal  cells  of 
His  (fig.  1).  The  nuclei  were  oval,  and  they  lay  at  various 
levels  in  the  walls  of  the  stalk,  with  their  long  axes  radiating 
from  its  cavity. 

The  measurements  given  in  the  above  table  show  that  the 
stalk  was  thinnest  near  the  retina,  and  thickest  at  its  cerebral 
end,  the  increase  being  due  chiefly  to  enlargement  of  the  walls, 
and  more  especially  of  the  ventral  wall,  the  cavity  varying  but 
little. 


Specimen  IL    (Figs.  3,  4,  5.) 

A  rat  embryo  8  mm.  long.    Length  of  optic  stalk  '582  mm. 
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The  measurements  show  that  the  stalk  decreased  in  size  from 
the  retina  to  beyond  the  centre  of  its  length,  and  then  increased 
again  towards  its  cerebral  end.  It  was  thinner  throughout  the 
whole  of  its  length  than  the  younger  embryo,  and  the  reduction 
of  the  thickness  was  apparently  due,  for  the  most  part,  to  the 
reduction  of  the  lumen  of  the  stalk,  for  the  walls,  and  more 
especially  the  ventral  wall,  were  generally  thicker  in  this  than 
in  the  yoimger  specimen. 

Near  the  retina  the  wall  of  the  stalk  was  compressed  dorso- 
ventral  and  its  lower  surface  was  grooved,  forming  a  sulcus 
beneath  which  the  central  artery  of  the  retina  was  placed.  As 
in  the  earlier  stage,  cell  outlines  were  not  clearly  distinguish- 
able. In  transverse  sections  the  nuclei  were  oval,  and  in  the 
cerebral  portion  of  the  stalk  they  lay  at  varying  depths  in  the 
walls;  but,  whilst  in  the  retinal  section  of  the  stalk,  in  the 
dorsal  and  lateral  walls,  a  similar  irregular  arrangement  was 
present,  some  of  the  nuclei  lying  near  the  periphery,  and  others 
near  the  central  boundary,  in  the  ventral  wall  a  more  definite 
arrangement  prevailed  (figs.  3  and  4),  for  in  this  situation, 
though  the  nuclei  were  not  placed  all  in  one  uniform  plane,  they 
were  all  situated  at  some  distance  from  the  ventral  boundary, 
that  is,  they  lay,  as  a  body,  nearer  the  centre  than  the  periphery 
of  the  stalk. 

In  the  ventral  wall  of  the  stalk,  subjacent  to  the  layer  of 
nuclei,  numerous  minute  dots   were  observable.     Transverse 
sections,  and  longitudinal  sections  of  similar  and  of  somewhat 
later  stages  (fig.  2),  showed  clearly  that  the  dots  in  question 
represented  transverse  sections  of   young  optic  nerve   fibres^ 
which  at  this  period,  and  for  some  time  afterwards,  were  found 
exclusively  in  the  ventral  wall  of  the  stalk.     In  this  specimen, 
however,  neither  longitudinal  nor  transverse  sections  afforded 
any  distinct  indication  of  the  exact  relationship  of  the  develop- 
ing nerve  fibres  to  the  protoplasmic  substance  of  the  stalk. 
The  fibres  were  only  distinguishable  for  a  distance  of  aboat> 
•112  mm.  inwards  from  the  retina  towards  the  brain  (fig.  3). 
They  were  most  numerous  near  the  retina,  and  none  were 
visible  at  the  cerebral  end  of  the  stalk. 

The  peripheral  boundary  of  the  stalk  was  clearly  defined,  bixt 
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it  was  not  possible  to  demonstrate  a  distinct  external  limiting 
membrane. 

Specimen  IIL    (Figs.  6,  7,  8.) 

A  rat  embryo  9  mm.  long.    Length  of  optic  stalk  -615  mm. 
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The  stalk  was  thicker  and  longer  than  in  the  preceding  stage, 
and  the  increase  in  the  thickness  was  due  not  so  much  to 
increase  of  the  lumen  of  the  stalk,  which  was  but  slightly 
enlarged,  as  to  the  growth  of  its  walls,  and  more  especially  of 
the  ventral  wall,  in  which  a  layer  of  nerve  fibres  was  now  dis- 
tinctly visible  (figs.  6  and  7).    The  nerve  fibres  were  collected 
into  small  perpendicular  groups,  separated  from  each  other  by 
fine  strands  of  condensed  protoplasmic  tissue,  which  were  con- 
tinuous dorsally  with  the  protoplasm  surrounding  the  nuclei  of 
the  ventral  wall  of  the  stalk,  and  ventrally  with  the  external 
limiting  membrane,  which  was  quite  distinct.    The  majority  of 
the  nuclei  in  the  ventral  wall  of  the  stalk  lay  dorsal  to  the 
layer  of  nerve  fibres,  but  here  and  there  nuclei  were  observable 
in  the  protoplasmic   strands  between    the  bundles  of   nerve 
fibres ;  there  could  be  little  doubt,  therefore,  that  the  strands 
^vere  nothing  else  than  compressed  cells,  and  portions  of  cells, 
extending  in  a  palisade-like  manner  from  the  canal  to  the 
periphery,  and  that  they  had  been  defined,  compressed,  sepa- 
x-ated,  and  possibly  stretched  by  the  interpolation  between  them 
of  nerve  fibres  growing  along  the  stalk.     At  this  stage  there 
-was  a  continuous  layer  of  fibres  from  the  retina  to  the  brain, 
but  the  fibres  were  more  numerous  in  the  retinal  portion  of  the 
&taSk  (compare  figs.  6  and  8). 

The  external  limiting  membrane  was  closely  connected  with 
libe  radiating  protoplasmic  strands,  and  by  these  it  was  united 
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to  an  inner  limiting  membrane  bounding  the  lumen  of  the 
canal;  moreover,  the  external  limiting  membrane  was  con- 
tinuous externally  with  the  outer  wall  of  the  retina,  and  inter- 
nally with  the  outer  bounding  membrane  of  the  thalamen- 
cephalon. 


Specimen  IV.     (Fig.  9.) 
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The  stalk  was  hollow  throughout  its  whole  length,  but  the 
cavity  was  smaller  than  in  the  preceding  stage,  the  diminution 
of  its  calibre  being  most  marked  where  it  is  passing  through 
the  cartilaginous  wall  of  the  skull,  at  a  point  •562  mm.  from  the 
retina. 

The  external  limiting  membrane,  and  its  connections  with 
the  protoplasmic  processes  of  the  cells  of  the  stalk,  were  better 
marked  than  in  the  younger  specimens,  and  the  internal  limit- 
ing membrane  was  also  more  distinct.    The  arrangement  of  the 
nuclei  was  more  irregular  than  in  the  earlier  stages  (fig.  9). 
The  dorsal  portion  of  the  stalk  was  still  formed  by  a  layer  of 
protoplasm  in  which  was  embedded  one  row  of  spherical  nuclei ; 
in  the  ventral  wall  there  was  a  single  layer  of  rounded  nuclei 
lying  close  to  the  cavity,  but  this  wall  was  no  longer  divisible 
into  a  layer  of  nuclei  and  a  layer  of  nerve  fibres.    On  the  con- 
trary, the  nuclei  were  scattered  throughout  its  whole  thickness, 
lying  embedded  in  the  nodes  of  the  protoplasmic  reticulum, 
which  extended  from  the  canal  to  the  periphery.    The  main 
protoplasmic  strands  radiated  from  the  canal  to  the  external 
limiting  membrane,  but  they  were  united  to  each  other  by  fine 
anastomosing  processes :  and  the  meshes  of  the  reticulum  thns 
formed  were  occupied  principally  by  fine  nerve  fibres  which, 
at  this  stage,  were  scattered  throughout  the  greater  part  of  the 
thickness  of  the  ventral  wall  of  the  stalk. 
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The  ventral  wall  of  the  stalk  constituted  by  far  the  greater 
part  of  the  whole,  the  canal  being  displaced  dorsally ;  and  the 
dorsal  wall  contained  only  a  single  layer  of  nuclei. 

As  in  the  preceding  stage,  the  thickness  of  the  stalk  dimin- 
ished at  first  as  the  distance  from  the  retina  increased,  but 
this  diminution  was  not  continuous,  for  the  cerebral  portion 
was  also  thicker  than  the  intermediate  part;  but  whilst  the 
greater  thickness  of  the  retinal  section  was  due  to  the  ventral 
wall,  that  of  the  cerebral  portion  was  caused  by  the  dorsal  wall. 

Specimen  V,     (Figs.  10  and  11.) 

A  rat  embryo  11  mm.  long.    Length  of  optic  stalk  -787  mm. 
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embryo,  and  the  reduction  of  the  thickness  was  due  to  differ- 
ences in  the  thickness  of  the  walls,  not  to  mere  diminution  of 
the  lumen,  which  was  enlarged  as  compared  with  the  younger 
specimen,  except  in  that  portion  of  its  extent  which  lay  between 
•262  and  '487  mm.  from  the  retina,  where  the  cavity  was  oblit- 
erated and  the  stalk  solid  (fig.  11). 

The  structural  details  were  in  most  respects  similar  to  those 
described  in  the  next  younger  stage.  The  ventral  wall  was 
relatively  very  thick,  and  in  it  were  many  scattered  nuclei. 

The  protoplasmic  groundwork  was  more  distinct  than  in  the 
younger  specimens,  and  the  groups  of  nerve  fibres  were  some- 
what larger  and  more  numerous ;  moreover,  they  were  no  longer 
limited  to  the  ventral  wall,  but  were  present  also  in  the  lateral 
walls. 

Where  the  canal  was  still  present,  its  dorsal  wall  contained 
one,  or  at  the  most  two,  rows  of  nuclei;  and  where  the  canal  was 
no  longer  present,  its  position  was  indicated  (fig.  11)  by  a  group 
of  nuclei,  arranged  somewhat  irregularly,  but  with  a  tendency 
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to  radiate  from  the  centre  of  the  stalk ;  and  these  nuclei  were 
embedded  in  a  granular  protoplasm,  which  was  not  divided  into 
distinct  cell  territories. 

Specimen  VI.    (Fig.  12.) 

A  mouse  embryo  14  mm.  long ;  length  of  optic  stfidk,  '975  mm. 
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This  specimen  was  stained  with  logwood  and  eosin,  a  com- 
bination of  stains  which  exhibits  the  reticulum  much  more 
clearly  than  the  nerve  fibres. 

The  stalk  was  solid  through  its  whole  length,  the  only  indica- 
tion of  the  previously  existent  canal  being  a  core  of  granular 
nucleated  protoplasm,  devoid  of  nerve  fibres. 

The  strands  of  the  protoplasmic  reticulum  were  finer  than  in 
the  earlier  stages,  and  the  meshes  larger.  The  nuclei  towards  the 
centre  were  arranged  more  or  less  radially,  but  many  of  those 
lying  near  the  periphery  were  elongated  parallel  with  the  surface 
of  the  stalk. 

The  external  limiting  membrane  was  still  quite  distinct,  and 
it  retained  its  intimate  connection  with  the  internal  susten- 
tacular  reticulum,  but  its  external  surface  was  more  closely 
covered  with  mesodermal  cells  than  in  the  earlier  stages.  There 
was  no  evidence,  however,  that  mesodermal  tissues  had  as  yet 
penetrated  the  substance  of  the  stalk,  and  there  was  no  clear 
indication  of  the  presence  of  blood-vessels,  the  nutritive  supply 
being  derived,  apparently,  entirely  from  lymphatic  fluids, 
although  the  stalk  was  practically  converted  into  the  fibrous 
optic  nerve. 

Semares. 

On  the  Relaiion  of  the  Optic  Nerve  to  the  Optic  Stalk,  and  on 
the  Sustentacfdar  Tisme  of  the  Nerve. 

In  all  the  specimens  examined  where  nerve  fibres  were  present 
they  lay  within  the  area  of  the  stalk,  occupying,  therefore,  a 
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very  different  position  to  that  described  by  Assheton  in  the  case 
of  the  optic  nerve  fibres  of  the  frog  (1) :  the  conditions  met  with 
in  all  my  specimens  were  confirmatory  of  the  statements  which 
have  been  made  by  W.  Miiller  (14)  and  by  Kolliker  (9)  con- 
cerning the  general  relations  of  the  optic  nerve  fibres  to  the 
optic  stalk. 

As  the  fibres  grow  from  tKe  nerve  cells  with  which  they  are 
connected,  they  pass  into  the  substance  of  the  stalk,  forcing 
their  way  between  its  constituent  parts,  and  ultimately  acquir- 
ing an  intercellular  position :  it  is  not,  however,  possible  to  state 
definitely  that  they  possess  such  a  position  on  their  first  entry 
into  the  stalk,  for  there  are  indications  that  in  the  early  stages 
the  cell  territories  of  the  stalk  are  not  defined,  or,  in  other  words, 
that  the  stalk  is  a  hollow  nucleated  plasmodium,  and  that  the 
separation  of  the  protoplasmic  mass  into  cell  areas  is  possibly 
initiated  by  the  entrance  of  the  optic  nerve  fibres  into  it.     In 
support  of  this  possibility,  it  is  to  be  remembered  that  it  is  only 
as  the  nerve  fibres  increase  in  number  that  the  cell  territories 
become  defined,  and  that  the  constituent  cells  are  never  com- 
pletely isolated  from  each  other,  for  they  remain  connected  by 
anastomosing  processes  which  limit  the  areas  through  which 
the  nerve  fibres  pass ;  but,  however  this  may  be,  there  can  be  no 
doubt  about  the  final  result,  which  is  that  the  nucleated  proto- 
plasmic walls  of  the  optic  stalk  become  directly  converted  into 
the  sustentacular  tissue  of  the  optic  nerve,  exactly  in  the  same 
manner  that  the  spongioblasts  of  the  spinal  cord  and  the  brain 
are  converted  into  the  neurospongial  substance ;  and,  in  the  first 
instance  at  all  events,  the  mesodermal  tissue  takes  no  part  in  the 
formation  of  the  optic  nerve,  though  at  a  later  period  a  meso- 
dermal invasion  of  the  nerve  must  occur  in  association  with  the 
ingrowth  of  vessels  into  the  nerve  substance. 

It  was  noted  in  the  description  of  the  youngest  specimen 
that  certain  cells,  closely  resembling  the  germinal  cells  of  His, 
tTirere  visible  in  parts  of  the  stalk:  it  was  not  possible  to 
o'btain  any  clear  indication  of  their  fate,  but  there  was  no 
evidence  that  they  became  converted  into  neuroblasts,  and, 
presumably,  they  also  take  part  in  the  formation  of  the  susten- 
tacular tissue. 

^Wliilst  the  optic  nerve  fibres  are  invading  the  optic  stalk. 
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the  latter  structure  undergoes  changes  in  size,  constantly  in- 
creasing in  length  with  the  growth  of  the  embryo,  but  under- 
going alterations  of  thickness,  which  are  due  partly  to  increase 
and  diminution  of  its  lumen,  and  partly  to  changes  in  the 
walls  of  the  stalk  ;  and  the  latter,  in  their  turn,  are  dependent, 
on  the  one  hand,  upon  alteration  of  the  cellular  constituents  of 
the  stalk,  and,  on  the  other,  upon* the  invasion  of  the  stalk  by 
the  optic  nerve  fibres. 

The  canal  is  at  first  relatively  large  (fig.  1) :  during  the  early 
period  of  the  nerve  fibre  invasion  it  undergoes  both  a  relative 
and  an  absolute  dimiaution  in  calibre ;  this  is  succeeded  by  an 
increase,  which  in  its  turn  is  followed  by  a  diminution,  and  this 
second  diminution  is  prc^ressive,  terminating  in  the  complete 
obliteration  of  the  canal  (fig.  11). 

In  the  earliest  stages  the  canal  is  relatively  central,  but  after- 
wards, as  the  ventral  wall  increases  rapidly  whilst  the  dorsal 
remains  comparatively  unaltered,  the  canal  is  displaced  to  the 
dorsal  side  of  the  stalk,  and  it  retains  this  position  till  the  period 
of  the  obliteration,  when,  as  the  cavity  disappears,  the  inner  ends 
of  the  cells  which  immediately  surround  it  are  moved  towards 
the  centre  of  the  stalk,  where  their  remains  form  for  a  time  a 
distinct  granular  core,  from  which  protoplasmic  strands  radiate 
to  the  periphery. 

During  the  greater  part  of  the  period  of  its  existence  the 
cavity  of  the  canal  appears  to  be  bounded  by  a  limiting  mem- 
brane, formed  by  the  fused  extremities  of  the  surrounding  cells ; 
and  as  the  canal  is  obliterated,  this  membrane  gradually  dis- 
appears, and  no  trace  of  it  is  discoverable  in  the  stalk,  which 
has  become  solid. 

The  causes  which  bring  about  the  disappearance  of  the  canal 
are  obscure.    The  obliteration  is  not  due  to  mere  stretching  of 
the  stedk,  for  the  canal  enlarges  for  a  time,  whilst  the  length  of 
the  stalk  is  still  increasing.     Pressure  of  the  cranial  walls 
cannot  be  considered  as  an  important  agent,  for  although  in  10 
mm.  embryos  the  stalk  is  smallest  where  it  is  passing  throngli 
the  cartilaginous  cranial  wall,  the  actual  obliteration  of   the 
lumen  takes  place,  in  the  first  instance,  where  the  stalk  is 
surrounded  by  the  ocular  muscles  and  beneath  the  nasal  nerve  ^ 
that  is,  in  a  situation  where  it  is  inconceivable  that  any  serious 


FORMATION  AND  STRUCTURE  OF  THE  OPTIC  NERVE.  329 

pressure  can  exist.  It  appears  at  the  first  sight  that  the  pres- 
sure of  the  invading  nerve  fibres  may  possibly  play  an  important 
part  in  bringing  about  the  obliteration,  but  that  this  is  not 
necessarily  the  case  is  proved  by  the  increase  of  the  calibre  of 
the  canal,  which  occurs  simultaneously  with  the  extension  of 
the  invasion  in  9  mm.  embryos.  We  are  forced,  therefore,  to 
assume  that  the  obliteration  of  the  lumen  of  the  canal  is 
brought  about  by  developmental  changes  in  growth  and  rela- 
tionship of  the  constituent  parts  of  the  stalk,  and  with  these 
is  associated  the  invasion  of  the  optic  nerve  fibres. 

Svmifnary. 

In  mammals  the  optic  stalk  becomes  converted  into  the  optic 
nerve  by  the  transformation  of  its  protoplasmic  substance  into 
retiform  sustentacular  tissue,  and  by  the  passage  of  nerve  fibres 
through  its  walls,  the  nerve  fibres  being  protected  and  supported 
by  the  external  limiting  membrane  of  the  stalk,  and  by  the 
reticular  framework  formed  by  the  modification  of  its  walls,  the 
transformation  from  the  stalk  to  the  nerve  being  associated  with 
the  disappearance  of  the  cavity  of  the  stalk. 

On  the  Origin  of  the  Optic  Nerve  Fibres  and  their  Course  through 

the  Optic  Stalk, 

The  opinion  held  by  Lieberkiihn  (10),  Manz  (11),  and  Balfour 
(2),  that  the  optic  nerve  fibres  arose  in  situ  by  the  diflferentia- 
tion  of  the  walls  of  the  stalk,  was  opposed  by  a  number  of  the 
earlier  observers,  who  dififered  amongst  themselves,  however, 
\ivith  regard  to  the  seat  of  origin  of  the  fibres,  Kolliker  (9)  and 
His  for  a  time  (6)  believing  that  they  were  formed  in  the  brain 
and  travelled  centrifugally  to  the  retina,  whilst  W.  Muller  (14) 
located  their  origin  in  the  retina. 

Kolliker  based  his  opinion  upon  his  discovery  of  fibres  in  the 
optic  tracts  before  they  were  present  in  the  optic  nerves,  but 
lie  pointed  out,  at  the  same  time,  that  in  all  cases  in  which  he 
liad  found  fibres  present  in  the  stalk,  they  extended  throughout 
its  whole  length ;  evidently,  therefore,  he  had  not  traced  their 
progress  through  the  stalk.  It  appears  certain,  however,  from 
OaJaI's  observations  (3),  that  some  of  the  optic  nerve  fibres  arise 
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in  the  brain  and  pass  centrifngally  through  the  stalk ;  but  the 
more  recent  observations  of  His  upon  human  embryos  (7),  and 
the  investigations  of  Eeibel  (5)  upon  reptiles,  Froriep  (5)  upon 
cartilaginous  fishes,  and  Assheton  (1)  upon  amphibians,  all  tend 
to  the  conclusion  that  the  majority  of  the  optic  nerve  fibres  rise 
in  the  retina  and  pass  centripetally  to  the  brain ;  and  this  con- 
clusion is  strongly  supported  by  the  specimens  at  my  disposal, 
for  not  only  are  the  nerve  fibres  at  their  first  appearance  in  the 
stalk  present  only  in  its  retinal  portion,  but  in  the  later  stages, 
when  they  are  distributed  throughout  the  whole  length  of  the 
stalk,  they  are  most  abundant  near  the  retina.     It  must  be  noted, 
however,  in  certain  stages  of  development,  8  and  9  mm.  embryos, 
that  the  two  extremities  of  the  stalk  are  thicker  than  its  inter- 
mediate portion.     In  the  8  mm.  embryo  the  greater  thickness 
of  the  ventral  wall  in  the  retinal  part  of  the  stalk  must  to  some 
extent  depend  on  the  presence  of  the  invading  nerve  fibres ;  but 
in  the  cerebral  section  of  the  stalk,  nerve  fibres  are  not  recog- 
nisable, and  the  greater  thickness  in  this  region  can  only  be  due 
to  greater  growth  of  the  walls  associated  with  some  enlargement 
of  the  canal.     In  the  9  mm.  embryo,  however,  nerve  fibres  are 
present  throughout  the  whole  length  of  the  stalk,  and  it  is 
possible  that  the  increased  thickness  at  the  two  terminal  sec- 
tions of  the  stalk  may  in  this  case  be  due  to  the  presence  of 
additional  nerve  fibres,  in  which  case   some  of  those  in  the 
cerebral  section  must  have  grown  into  the  stalk  from  the  brain, 
as  CajaFs  observations  seem  to  indicate ;  but  the  great  pre- 
ponderance of  the  fibres  in  the  retinal  portion  in  the  earlier 
stages  is  sufficient  evidence  that  the  majority  of  the  fibres 
originate  in  the  retina. 

When  the  invasion  of  the  stalk  first  commences,  the  fibres  are 
limited  to  the  ventral  waU,  that  is,  to  that  portion  of  the  stalk 
which  is  more  directly  continuous  with  the  inner  wall  of  the 
optic  cup  in  which  the  nerve  fibres  originate,  whilst  the  dorsal 
part  of  the  stalk,  which  is  more  directly  continuous  with  the 
retinal  pigment  layer,  is  for  a  time  entirely  devoid  of  nerve 
fibrea  As  the  fibres  increase  in  number,  they  gradually  invade 
the  lateral  walls  of  the  stalk,  but  it  is  not  until  the  actual  oblit- 
eration of  the  canal  occurs  that  they  penetrate  the  dorsal  wall,  an 
occurrence  which  is  associated  with  the  displacement  of  the 
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nuclei  around  the  margins  of  the  canal  towards  the  centre  of 
the  stalk. 

The  separation  of  the  protoplasmic  walls  of  the  stalk  into  a 
number  of  radial  anastomosing  strands  is  undoubtedly  due  to 
the  invasion  of  the  nerve  fibres,  and  the  attenuation  and  elonga* 
tion  of  the  stitinds  is  most  probably  dependent  on  a  similar 
cause  ;  but  the  contraction  of  the  diameters  of  the  stalk  which 
occurs  in  11  mm.  embryos  appears  to  indicate  that  the  proto- 
plasmic reticulum  remains  possessed,  for  a  time  at  least,  of  a 
contractile  power  sufficient  to  bring  about  the  condensation  of 
the  stalk,  and  it  is  noticeable  that  such  a  contraction  occurs  at 
the  period  when  the  hollow  stalk  is  becoming  converted  into  the 
solid  nerve. 

On  the  Belation  of  the  Optic  Nerve  and  the  Retina  to  the  Brain, 

It  is  generally  admitted  that  the  retina  is  merely  an  out- 
8t€inding  portion  of    the  central  nervous  system,  peculiarly 
modified  for  the  performance  of  a  particular  function ;  but  it  is 
not  so  generally  recognised  that  the  connection  of  this  sensory 
organ  with  the  central  system  is  never  lost,  and  in  this  respect 
the  retina  differs  from  all  the  ordinary  sensory  ganglia  of  the 
cerebro-spinal  system  except  the  olfactory  bulb,  and  it  differs 
from  the  latter  in  that  it  is  never  associated  by  nervous  elements 
with  modified  epithelial  cells  of  the  surface  ectoderm.     It  is 
therefore  the  only  portion  of  the  central  system  upon  which 
external  infiuences  act  directly,  unless  we  are  to  assume  that 
the  lens  and  the  surface  epithelium  of  the  cornea  play  a  part, 
in  relation  to  the  retinal  elements,  which  is  in  some  way  com- 
parable to  that  performed  by  the  epithelium  of  the  skin  in 
relation  to  the  terminal  extremities  of  the  sensory  nerve  fibres  ; 
and  even  if  that  be  the  case,  still  the  continuous  connection  of 
the  retina  with  the  more  central  parts  of  the  nervous  system  is 
sufficient  to  differentiate  it  from  the  ordinary  sensory  ganglia, 
-which  are  either  separated  from  the  deeper  layer  of  the  surface 
ectoderm,  or  are  outgrowths  from  a  neural  crest,  and  only  attain 
their  connection  with  the  cord  or  brain  by  ingrowing  fibres  which 
pass  through,  and  are  more  or  less  mixed  with,  a  greater  or  less 
amount  of  mesoderm;  whilst  the  optic  nerve  fibres  in  their 
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course,  from  origin  to  termination,  traverse  only  a  part  of  the 
central  nervous  system,  never  at  any  period  of  their  development 
lying  outside  its  limits ;  indeed^  the  optic  nerves  themselves  are 
as  much  parts  of  the  central  system  as  any  of  the  white  columns 
of  the  brain  or  spinal  cord,  for  their  fibres  lie  within  the  outer 
limiting  membrane  of  the  system,  and  their  sustentacular  frame- 
work is  formed  by  the  differentiation  of  the  primitive  ectodermal 
tissue  of  the  walls  of  the  central  canal.  The  retina  is  therefore 
a  portion  of  the  brain  wall  specially  situated  and  modified  in 
adaptation  to  the  proper  performance  of  its  function ;  and  inas- 
much as  it  is  an  outgrowth  of  the  ventral  part  of  the  lateral  wall 
of  the  thalamencephalon,  the  reoina  may  be  looked  upon  as  a 
modified  basal  ganglion,  and  the  optic  nerves  are  association 
bundles  bringing  it  into  relationship  with  other  parts  of  the 
brain.  This  subject  has  recently  been  dealt  with  by  Dr  T.  K. 
Monro  (13),  who,  considering  it  principally  from  a  pathological 
standpoint,  has  arrived  at  conclusions  similar  to  those  which  are 
indicated  by  embryological  evidence. 


DESCRIPTION  OF  PLATE  VII. 

Fig.  1.  A  transverse  section  of  the  optic  stalk  of  a  rat  embryo  6 '5 
mm.  long :  distance  of  section  from  retina  *285  mm.,  vertical  diameter 
of  section  *106  mm.,  transverse  diameter  of  section  *121  mm. 

Fig.  2.  A  vertical  section  of  a  portion  of  the  retina  and  the  optic 
stalk  of  a  mouse  embryo,  showing  the  passage  of  nerve  fibres  from 
the  retina  into  the  ventral  wall  of  the  stalk 

Figs.  3,  4,  and  5.  Transverse*  sections  of  the  optic  stalk  of  a  rat 
embryo  8  mm.  long :  ^g.  3,  distant  from  retina  *022  mm.,  transverse 
diameter  *083  mm.,  vertical  diameter  *064  mm. ;  fig.  4,  distant  from 
retina  '075  mm.,  transverse  diameter  '064  mm.,  vertical  diameter 
'057  mm. ;  fig.  5,  distant  from  retina  *187  mm.,  transverse  diameter 
'057  mm.,  vertical  diameter  '045  mm. 

Figs.  6,  7,  and  8.  Transverse  sections  of  the  optic  stalk  of  a  rat 
embryo  9  mm.  long :  fig.  6,  distant  from  retina  *043  mm.,  transverse 
diameter  '102  mm.,  vertical  diameter  *087  mm. ;  fig.  7,  distant  from 
retina  '187  mm.,  transverse  diameter  '079  mm.,  vertical  diameter 
'064  mm. ;  fig.  8,  this  section  is  a  little  oblique,  and  is  situated  at  tihe 
junction  of  the  stalk  with  the  thalamencephalon ;  transverse  diameter 
•140  mm.,  vertical  diameter  "095  mm. 

Fig.  9.  A  transverse  section  of  the  optic  stalk  of  a  rat  embryo  10  xnm. 
long :  distant  from  retina  '037  mm.,  transverse  diameter  '146  xnm 
vertical  diameter  '114  mm. 
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Figs.  10  and  11.  Transverse  sections  of  the  optic  stalk  of  a  rat 
embryo  11  mm.  long:  fig.  10,  distant  from  retina  *187  mm.,  trans- 
verse diameter  '091  mm.,  vertical  diameter  '091  mm. ;  fig.  11,  dis- 
tant from  retina  '337  mm.,  transverse  diameter  *076  mm.,  vertical 
diameter  *091  mm. 

Fig.  12.  A  transverse  section  of  the  optic  stalk  of  a  mouse  embryo 
14  mm.  long :  distant  from  retina  *600  mm.,  transverse  diameter 
•148  mm.,  vertical  diameter  '171  mm. 

C,  canal  of  stalk ;  D,  dorsal ;  L,  lateral ;  N,  nerve  fibres ;  0,  optic 
cup  j  E,  reticulum ;  Ket,  retina  3  T,  thalamencephalon ;  Y,  ventral. 
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ON  THE  PANCEEAS  OF  THE  HEDGEHOG  DUEDIG 
HIBERNATION.  ByE.  W.  Cakuer,  M.D.,  Physiological 
Laboratory ,  University  of  Edinburgh, 

(Read  before  the  Soottiah  Mioroaoopical  Society,  Jan.  18,  1895.) 

The  animal,  a  large  one,  at  the  time  of  death  was  in  a  profound 
state  of  hibernation,  and  had  been  in  this  condition  for  some 
time.  I  was  not  a  little  astonished,  therefore,  on  examining  the 
sections,  to  find  the  pancreas  in  a  more  or  less  active  state, 
believing,  as  I  did,  that  the  bile  was  the  only  secretion  poured 
into  the  alimentary  canal  during  winter  sleep. 

Methods. — The  animal  was  killed  with  chloroform,  unrolled, 
and  the  abdomen  opened  as  rapidly  as  possibla  The  gland  after 
removal  was  cut  into  slices  from  i  to  J  inch  thick,  and  placed 
at  once  into  a  saturated  watery  solution  of  mercuric  chloride 
in  normal  saline,  at  the  body  temperature,  as  recommended  by 
Martin  Heidenhain.^  The  tissues,  after  remaining  in  this  fluid 
for  twenty-four  hours,  were  well  washed  in  running  water  aud 
taken  up  the  alcohol  series,  through  chloroform  into  paraffin. 
Sections  were  cut  of  a  thickness  of  1  /i  to  5  pi,  fixed  to  albu- 
mimsed  slides  (Mann's  method)^  and  stained  in  (a)  Mann's 
methyl-blue  eosin  long  method ;  *  (b)  Mann's  methyl-blue  eoain 
short  method ;  (c)  Mann's  toluidin  blue  eosin  method,^  for  nuclear 
structure;  (d)  Ehrlich's  original  triacid;  (e)  Ehrlich's^  acid 
haematoxylin  eosin  method;  (f)  M.  Heidenhain's ®  hsematoxylin- 
iron-alum  methods  for  nuclei  and  protoplasm,  and  for  his  sub- 
traction method  for  centrosomes,  using  now  Bordeaux  red,  now 
Mann's  methyl-blue  eosin  long  method  as  the  preliminary  stain. 

1  Ueh,  Kem  u,  Protoplasma^  1892,  p.  113. 

'  AtuU,  Anzeig, ,  Jahrg  yiii.  (1898),  p.  442. 

'  (a)  and  (b) ;  Jour.  AnaL  and  Physiol,,  vol.  xxix.  pp.  48S,  484 ;  and  /Voe, 
SeoU.  Micro.  Soc.,  vol.  i.  pp.  147  and  164. 

*  Proc  Scott.  Micro,  Soc.,  vol.  i.  p.  168. 

'  Zeit.  /.  tpiss.  Mik,,  1886,  p.  160 ;  and  Archiv,  f,  Mikro,  Anat.,  Bd.  4S, 
pp.  486-446. 

^  Archiv./,  Mikro.  AnaL,  1886,  p.  468;  and  1886,  p.  387. 
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The  sections  were  all  subsequently  cleared  in  xylol  and 
mounted  in  balsam.  They  were  examined  with  Leitz  ^  oil 
immersion  objective,  and  No.  12  compensating  eyepiece. 

Fearing  lest  the  strong  corrosive  sublimate  solution  might  fix 
the  tissues  at  the  periphery  of  the  slices  so  firmly  that  it  would 
fail  to  penetrate  the  deeper  parts  with  suflBcient  rapidity  to  fix 
the  cells  before  they  had  time  to  become  altered,  I  injected 
another  hibernating  hedgehog  through  the  aorta,  immediately 
after  death,  with  Mann's  picro-corrosive  solution,  sp.  gr,  1020, 
as  recommended  by  him,^  and  subsequently  treated  the  tissue  as 
above  detailed,  but  found  that  the  first  set  of  tissues  had  been 
quite  as  well  fixed  as  the  injected  ones,  and  that  M.  Heidenhain's 
corrosive  had  successfully  penetrated  the  thin  slices  immersed 
in  it. 

ITie  Cells. — The  cells  which  line  the  acini  in  a  single  layer 
exhibit,  as  first  pointed  out  by  Heidenhain  (12)  and  subsequently 
confirmed  by  many  investigators,  two  well-marked  zones, — an 
inner,  clear  zone,  containing  granules  of  ferment ;  and  an  outer, 
dense  zone,  reeidily  stainable  in  hsematoxylin  and  carmine,  which 
contains  the  single  rounded  nucleus.  Heidenhain  also  observed 
that  the  relative  size  of  these  two  zones  varied  from  time  to 
time,  the  inner  one  diminishing  and  the  outer  one  increasing 
during  secretion,  whilst  the  reverse  occurred  during  the  resting 
condition.  This  phenomenon  depends  on  the  disappearance  of 
the  granules  from  the  protoplasm  during  activity,  and  their 
subsequent  reproduction  in  the  period  of  rest  that  immediately 
follows  it.  He  also  noticed  the  curious  fact  that  prolonged 
fasting  caused  the  disappearance  of  some  of  the  granules. 

In  the  preparations  I  examined,  cells  in  all  stages  of  rest  and 
secretion  were  observed ;  some  appeared  crowded  with  granules, 
stained  deep  red  with  eosin  and  other  dyes  for  which  they  have 
affinity.    The  granules  occupied  almost  the  whole  cell,  the  outer 
zone  being  reduced  to  a  narrow  strip  containing  the  nucleus, 
^vrhich  is  rich  in  chromatin  and  small  in  size.    This  condition 
w€ls  especially  well  seen  at  the  margins  of  the  lobules,  as  de- 
scribed by  ver  Eecke  (43),  and  also  by  Harris  and  Gow  (11).    In 
otJber  regions,  again,  the  cells  were  almost  or  entirely  devoid  of 
^rranules,  the  clear  inner  zone  being  much  reduced  and  the  outer 

*  Proc,  SeoU,  Micro,  Soc^  vol.  i.  p.  165. 
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zone  correspondingly  enlarged,  as  was  also  the  nucleus  situated 
within  it,  which  appeared  swollen  and  clear,  and  frequently 
exhibiting  a  large  nucleolus,  somewhat  excentricaUy  placed. 

Cells  in  all  conditions  between  these  two  extremes  could  be 
seen  throughout  the  gland. 

Heidenhain  (12)  was  the  first  to  give  the  name  of  zymc^en  to 
these  granules,  which  vary  much  in  size  in  different  cells ;  they 
are  confined  to  the  inner  zone,  and  between  them,  when  not  too 
crowded,  the  fine  spongioplasm  described  by  ver  Eecke  may  be 
clearly  seen  as  a  fine  indefinite  network  stained  of  a  faint  cobalt 
blue  colour  in  sections  treated  by  Mann's  long  method. 

The  hyaloplasm  surrounding  both  network  and  granules 
remained  unstained.  The  protoplasm  of  the  outer  zone  presents 
a  finely  granular  appearance,  owing  to  the  dense  manner  in  which 
its  spongioplasm  is  arranged,  but  there  is  no  evidence  of  a  cord- 
like  arrangement  described  by  Ktihne  and  Lea  (20)  and  others, 
which  is  artificial,  and  due  to  hardening  in  MiiUer's  fluid  and 
chromic  salts,  as  pointed  out  by  ver  Eecke  (43).  The  two 
zones  are  sharply  marked  off,  the  dense  spongioplasm  of  the 
outer  .suddenly  giving  place  to  the  fine  network  of  the  inner 
zone.    A  definite  cell  membrane  surrounds  the  cell 

The  nucleus  is  single,  spherical  in  shape,  and  varies  greatly  in 
appearance  in  different  cells,  being  full  of  chromatic  material  in 
cases  where  the  cells  are  full  of  granules,  and  stained  so  deeply 
that  its  finer  structure   is  greatly  obscured;   nevertheless,  a 
curious  oval  or  rounded  vacuole  may  be  observed  in  many  of 
them,  situated  at  no  great  distance  from  the  nucleolus.     In  ceUs 
in  which  secretion  has  begun  or  been  in  progress  for  some  time, 
the  nuclei  stain  less  deeply,  and  exhibit  a  well-marked  red 
staining  nucleolus,  in  which  traces  of  an  endonucleolus  can  some- 
times be  discerned.     This  nucleolus  is  surrounded  by  a  denae 
mass  of  chromatin  (karyosomes  of  Orgata  (35)  and  others), 
varying  in  amount  in  different  cases,  from  which  fine  chromatin 
threads  radiate  outwards  to  join  with  the  masses  of  chromatin 
situated,  as  in  most  cells,  immediately  beneath  the  nuclear 
envelope,  which  is  thick  and  well  marked.     On  these  radiating 
threads  occasional  karyosomes  may  be  seen.    The  remainder  of 
the  nucleus  consists  of  clear  unstainable  nucleoplasm,  in  whicb. 
it  is  not  rare  to  see  several  small  red  staining  particles. 
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In  cells  from  which  most  of  the  zymogen  granules  have 
disappeared,  the  nucleus  is  usually  much  larger,  clearer,  and 
poor  in  chromatin,  the  mass  round  the  nucleolus  being  reduced 
to  a  minimum,  and  indeed  often  disappearing  altogether ;  the 
nucleolus  also  appears  much  larger  in  many  cases,  has  a  swollen 
watery  look,  especially  in  the  centre,  and  often  almost  touches 
the  nuclear  envelope. 

In  many  cells  outside  the  nucleus,  an  accessory  nucleus  can 
be  faintly  seen;  it  varies  in  shape,  appearing  sometimes  as  a 
body  crescentic  in  optical  section,  sometimes  as  a  flattened 
sphere,  and  sometimes  again  exhibiting  other  forms.  It  is 
usually  of  some  size,  varying  from  half  that  of  the  nucleus  to 
about  the  same  size;  it  stains  like  the  neighbouring  dense 
granular  spongioplasm,  from  which  it  is  difficult  to  distinguish 
it.  This  body  was  discovered  by  Nussbaum  (34)  and  studied 
by  Platner  (37),  who  states  that  it  is  produced  by  strangUng 
of  a  nucleus  containing  two  nucleoli — this  is  confirmed  by 
Laguesse  (22) — the  lower  part  separating  to  form  the  accessory 
nucleus,  and  subsequently  undergoing  various  transformations  in 
the  protoplasm,  degenerating  and  ultimately  becoming  trans- 
formed into  zymogen  granules.  Orgata  (35)  and  ver  Eecke  (43) 
believe  that  part  of  this  body,  which  they  derive  from  the 
nucleus  and  karyosomee  by  emigration,  becomea  transformed 
into  a  new  nucleus  for  the  cell,  the  remainder  being  converted 
into  zymogen.  I  have  diligently  searched  for  some  indication  of 
a  transformation  of  these  accessory  nuclei  into  true  new  nuclei, 
but  have  entirely  failed  to  find  any,  nor  have  I  seen  any  evidence 
of  the  extrusion  through  the  granular  zone  of  old  nuclear  bags, 
as  described  by  ver  Eecke. 

One  or  two  centrosomes  are  usually  present,  either  widely 

separated  or  close  together,  each  surrounded  by  a  clear  zone  of 

archoplasm,  best  seen  in  specimens  stained  by  M.  Heidenhain's 

subtractive  method.     In  one  case  in  a  resting  cell  I  have  clearly 

seen  two  large  centrosomes  separated  from  one  another  by  a 

short  interval,  bridged  across  by  threads  arranged  in  a  spiadle. 

Ozi  the  X  outermost  threads  of  this  spindle  appear  two  short  rod- 

sha.ped  bodies,  parallel  with  one  another,  which,  looked  at  in  the 

liglit  of  a  recent  paper  by  R.  Lauterborn  (27),  on  the  division  of 

diatoms,  may  be  an  indication  of  the  formation  of  the  central 
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spindle  derived  from  a  body  extruded  from  the  nucleus.  I 
described  a  similar  spindle  occurring  in  a  resting  cell  of  the 
cortical  part  of  the  suprarenal  body  of  the  rat,  in  an  unpublished 
paper  read  before  the  Scottish  Microscopical  Society  in  1893. 

I  believe  that  some  of  the  smaller  particles  described  by 
Orgata  (35)  and  ver  Eecke  (43)  as  occurring  in  the  outer  zones 
of  the  pancreas  ceUs,  to  be  these  centrosomes  which  are  not 
mentioned  by  either  author.    With  them  I  can  very  well  believe 
in  the  passage  of  the  nucleolus  through  the  nuclear  wall  into  the 
surrounding  protoplasm,  as  I  described  a  similar  phenomenon 
occurring  in  the  hibernating  gland  (5),  though  this  does  not 
appear  to  happen  very  frequently,  while  the  passage  of  nucleolar 
particles  is  frequent  enough,  the  nucleolus  remaining  behind.    It 
is  well  known  that  nucleoli  do  divide  in  the  nucleus,  and  that 
some  of  their  substance  is  then  passed  out  and  may  undergo 
further  division  in  the  protoplasm,  but  I  can  see  no  evidence  of 
their  conversion  into  accessory  nuclei,  which  have  quite  a  dif- 
ferent appearance ;  but  that  they  may  take  part  in  the  formation 
of  zymogen  granules  is  possible,  though  1  have  not  been  able  to 
convince  myself  of  the  fact.    I  think  they  more  probably  break 
down  in  the  protoplasm,  as  those  observed  by  me  in  the  hiber- 
nating gland  undoubtedly  do.     With  regard  to  some  of  the 
extra-nuclear  bodies  being  derived  from  leucocjrtes  or  phagocytes 
that  have  migrated  into  the  cell,  I  can  see  no  evidence  whatever ; 
I  do  not  think  it  at  all  likely  to  occur,  as  I  know  of  no  case  of 
migration  of  white  blood  corpuscles,  much  less  of  the  larger 
phagocytes  into  healthy  gknd  cells. 

The  nature  of  the  granules  is  very  important.    Both  Langer- 
hans  (25)  and  Giannuzzi  (9),  who  used  osmic  acid — which  black- 
ens the  granules — considered  them  to  consist  of  fatty  materiaL 
Orgata  (35),  1883,  believes  that  they  consist  of  a  ferment  or  its 
antecedent,  and  that  they  are  derived  indirectly  from  the  nucleuB. 
Ver  Eecke  (43),  1893,  supports  this  view,  stating  in  addition 
that  they  arise  from  the  hyaloplasm  of  the  cells,  which  ia  its 
turn  has  its  origin  in  the  blood  plasma ;  he  also  derives  them,  in 
part  from  leucocytes  and  phagocytes.    On  the  other  hand,  this 
nuclear  theory  is  denied  both  by  Nickolaides  (33),  1890,   and 
Laguesse  (22),  1893.    Amozan  and  YaUlard  (1)  (1884)  find  that 
the  granules  disappear  in  Miiller's  fluid,  but  are  retained  in 
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acid ;  they  fiud  that  thin  sections  of  fresh  pancreas  left  for 
twenty-four  hours  under  a  bell  jar  digest  themselves,  and  that 
this  property  was  not  lost  if  the  gland  had  been  previously  fixed 
in  alcohol,  provided  water  was  added  to  the  preparation  before 
leaving  it.  After  this  auto-digestion  is  completed,  little  acicular 
crystals  make  their  appearance,  grouped  in  sheaves,  which  Robin 
and  Claude  Bernard  (2)  looked  upon  as  consisting  of  sulphate  of 
calcium  (leucin  and  tyrosin  ?). 

Lewaschew  (29)  (1885)  found  that  in  dogs  starved  for  five 
days  the  cells  were  full  of  granules,  but  that  on  making  an 
extract  of  the  glands  in  the  usual  way,  he  was  unable  to  digest 
fibrin  with  it.     He  concluded,  therefore,  that  there  was  no 
trypsin  present,  and  that  the  granules  observed  could  not  be 
material  for  the  formation  of  that  ferment,  and  that  zymogen 
is  only  one  of  the  constituents  of  the  granules,  perhaps  merely 
adhering  to  them,  and  that  it  could  be  used  up  without  causing 
their  disappearance;  however,  no  ferment  is  ever  obtainable 
when  the  granules  are  absent.    B.  Heidenhain  (13),  thinking 
that  another  explanation  might  be  possible,  namely,  that  the 
alteration  produced  in  the  cell  protoplasm  by  fasting  flight 
prevent  the  granules  from  being  converted  into  ferment,  under- 
took to  reinvestigaj^  the  matter,  and  not  only  made  extracts  in 
the  usual  manner,  but  also  extracted  the  fresh  gland  with  acetic 
acid;  he  failed,  however,  to  produce  digestion  by  either  method, 
and  therefore  confirms  Lewaschew's  statement.    A.  Dastre  (7), 
in  1893,  studied  the  ferments  of  the  pancreas,  and  concluded 
that  the  amylolytic  and  tryptic  ferments  were  physiologically 
distinct,  and  believes  that  the  amylolytic  ferment  is  produced  as 
such,  while  the  trypsin  is  first  secreted  as  a  zymogen,  which 
^vi^oold  only  acquire  its  fermentative  properties  by  a  prolonged 
contact  with  the  products  of  the  activity  of  the  gland  cell.    In 
the  same  year  Carvallo  and  Pachon  (6)  starved  pigs  for  five 
days,  giving  neither  food  nor  water,  and  extracted  the  pancreas, 
adding  a  little  sodium  carbonate  to  the  extract  with  the  fibrin. 
They  found  that  such  extracts  prepared  in  four  different  ways 
digested  fibrin  well,  which  is  quite  contrary  to  the  classical 
experiments  of  Schiff  and  Herzen.    To  this  Herzen  (16)  replies, 
that  whereas  in  actively  secreting  animals  the  pancreatic  extract 
digests  fibrin  in  a  few  hours,  that  made  from  fasting  animals 
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acts  only  after  some  ten  to  twenty-four  hours.  Dastre  (7) 
remarks  on  the  same  occasion  that  his  experience  coincides  with 
that  of  Carvallo  and  Pachon,  and  believes  that  during  digestion 
is  already  formed  trypsin  in  the  glands,  whilst  during  fasting 
only  zymogen  is  stored  up. 

I  believe  the  zymogen  to  be  almost  entirely  derived  from  the 
hyaloplasm  of  the  cells.  When  the  granules  are  about  to  be 
secreted  they  swell  up  and  lose  their  homogeneous  appearance, 
the  centre  becoming  lighter  than  the  circumference ;  they  are 
then  moved  towards  the  lumen  of  the  acinus  and  disappear 
probably  by  solution  inside  the  cell,  because  none  of  them  are 
visible  in  the  channels  between  the  cells,  and  because  in  the 
smaller  ducts  leading  from  the  acini  the  secretion,  when  present, 
has  a  homogeneous  appearance.  In  some  of  the  larger  ducts, 
however,  distinct  granules  may  be  clearly  seen ;  they  stain  like 
zymogen  granules,  but  are  usually  larger,  and  are  due,  I  think, 
to  coagulation  of  proteid  substances,  which,  as  is  well  known, 
often  assume  a  granular  appearance  when  fixed  by  corrosive 
sublimate. 

This  whole  question,  therefore,  reqidres  further  investiga- 
tion. 

During  secretion  the  cells  become  smaller — this  is  especially 
due  to  diminution  in  the  size  of  the  inner  zone, — and  the  tips  of 
the  cells  separate  from  one  another,  transforming  the  lumen  of 
the  acinus  from  a  mere  chink  to  a  wide  stellate  channel ;  the 
outer  zones  of  such  cell  occupy  more  space  and  stain  more 
deeply  than  in  resting  cells;   this  deeper  staining  probably 
results  from  the  imbibition  of  blood  plasma  by  the  outer  zone. 
The  nucleus  enlarges,  becomes  clear,  and  probably  less  rich  in 
chromatin,  though  this  apparent  diminution  of  chromatic  mate- 
rial may  be  due  to  dispersion  over  a  larger  surface — certainly 
that  aggregated  round  the  nucleolus  diminishes  in  amount,  and 
the  nucleolus  becomes  much  more  clearly  defined.     Finally,  the 
nucleus  again  diminishes  in  size,  accompanied  by  a  decided 
enlargement  of  the  nucleolus,  which  assumes  a  less  concentrated 
appearance. 

It  is  towards  the  centre  of  the  lobules  more  especially  that 
the  greatest  activity  is  visible  in  my  specimens,  the  cells  here 
being  almost  devoid  of  granules,  especially  round  the  openings 
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of  the  intennediate  ducts  into  the  acini  At  the  margins  of  the 
lobules,  on  the  other  hand,  i.e.,  in  the  parts  furthest  from  the 
ducts,  the  activity  appears  to  be  nUy  or  only  very  slight  indeed, 
for  in  that  region  the  cells  are  packed  with  granulea  Probably 
the  gland  activity,  taken  as  a  whole,  is  very  feeble  during  hiber- 
nation, and  the  granules,  when  once  discharged,  do  not  appear  to 
be  very  readily  reproduced. 

The  Ducts. — ^Turning  now  to  the  ducts,  I  find  that  they  have 
the  usual  structure,  consisting  in  the  larger  tubes  of  a  lining  of 
nucleated,  clear  columnar  cells  in  a  single  layer.  The  cells 
exhibit  a  clear  hem  of  considerable  thickness,  between  which 
and  the  rounded  nucleus  the  spongioplasm  is  arranged  in  fine 
rods,  vertically  placed  and  closely  crowded ;  these  rods  appear 
beaded  at  intervals,  probably  where  fine  cross  strands  run 
between  them.  This  is  best  made  out  in  specimens  stained  by 
Mann's  long  method,  followed  by  Heidenhain's  iron  alum,  the 
little  rods  appearing  almost  black  in  the  surrounding  faintly 
stained  hycdoplasm.  The  cells  are  united  together  by  cement 
substance  only  near  their  free  ends ;  it  appears  as  little  rounded 
thickenings  near  the  tips  of  the  cells,  a  little  black  dot  appearing 
at  the  level  of  the  base  of  the  clear  hem  between  each  two  cells ; 
an  occasional  leucocyte  may  be  seen  in  the  act  of  migration 
through  this  epithelium. 

The  cells  are  placed  on  the  subjacent,  somewhat  dense  con- 
nective tissue,  without  the  intervention  of  a  basement  membrane, 
agreeing  therefore  in  this  with  the  description  given  by  Gian- 
nuzzi  (9)  and  by  Harris  and  Gow  (11).  Klein  (19)  and  most 
other  investigators  have  described  an  endothelial  basement 
membrane  upon  which  the  cells  stand,  and  they  believe  this  to 
be  continuous  with  a  similar  structure  surrounding  the  acini, 
\¥hich,  with  Harris  and  Gow,  I  have  also  failed  to  find. 

I  have  seen  no  trace  in  the  hedgehog  of  a  muscular  sheath 
surrounding  the  larger  ducts,  though  it  exists  in  some  other 
animals,  as  stated  by  Klein  (19);  but  somewhat  large  mucous 
glands  are  situated  here  and  there  in  the  connective  tissue 
suxroimding  the  largest  ducts,  whose  walls  are  pierced  by  those 
of  the  mucous  glands,  as  described  by  Henneage  Gibbes  (15), 
and  which  would  result  in  the  admixture  of  a  certain  amount  of 
mucus  with  the  other  substances  contained  in  the  pancreatic 
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secFetion.  In  my  specimens  I  see  no  evidence  of  activity  of 
these  glands  during  hibernation,  their  cells  being  filled  with  fine 
granules. 

As  the  calibre  of  the  ducts  diminishes,  the  epithelial  cells 
become  smaller  and  flatter,  until,  near  the  acini,  they  are  so  thin 
that  their  spherical  nuclei  bulge  into  the  lumen,  and  impart  to 
it  a  sinuous  appearance.  These  are  followed  by  the  spindle- 
shaped  **  centro-acinar "  cells  described  by  so  many  authois 
(Heidenhain  (12),  Langerhans  (25),  Giannuzzi  (9),  Boll  (3),  von 
Ebner,  Pfliiger  (36),  Saviotti  (40),  Amozan  and  Vaillard  (1), 
Eenant  (39),  Latschenberger  (26),  and  Laguesse  (21)  ).  These 
various  authors  are,  however,  not  all  agreed  as  to  their  nature. 
Langerhans,  Saviotti,  Latschenberger,  and  Lc^esse,  who  studied 
them  from  the  embryological  point  of  view,  believe  them  to  be 
epithelial  in  character.  Pfliiger  thinks  they  are  multipolar 
nerve  cells ;  of  the  others,  each  has  an  interpretation  of  his  own. 

These  cells  are  not  numerous  in  the  hedgehog,  but  can  be 
readily  recognised  near  the  mouths  of  the  acini  by  their  elon- 
gated, brightly  staining,  almost  diaphanous  nuclei,  as  poinied 
out  by  Laguesse.    They  lie  in  the  lumen  itself,  covering  over 
the  secreting  cells,  but  not  forming  a  definite  wall  for  the  tube ; 
by  their  staining  reactions  they  are  evidently  epithelial  in 
nature.     Beyond  these  the  channels  are  very  narrow,  and  lined 
by  the  secreting  cells ;  they  have  no  walls  other  than  the  enve- 
lopes of  the  cells.     When  the  cells  are  resting  and  full  of 
granules  this  lumen  is  almost  invisible,  but  becomes  readily 
recognisable  when  the  cells  have  shrunken,  owing  to  the  disap- 
pearance of  the  zymogen  granules.    The  canals  of  Langerhans 
are  then  seen  to  radiate  from  the  central  channel,  but  do  not 
extend  beyond  the  level  of  the  outer  zones  of  the  cells.     Owing 
to  a  certain  amount  of  precipitated  secretion  in  the  tubules  pro- 
duced by  the  corrosive,  the  extent  of  these  fine  channels  can  be 
readily  seen,  for,  inasmuch  as  this  precipitated  material  is 
readily  stainable,  like  the  zymogen  granules,  of  an  intense  black 
by  Heidenhain's  iron  alum  hsematoxylin  method,  they  appear 
mapped  out  in  sharp  black  lines,  and  it  will  be  readily  seen  that 
they  extend  no  further  outwards  than  the  inner  limit  of  the 
non-granular  zone  of  the  cells,  beyond  which  the  much  less 
deeply-stained  cell  envelopes  are  visible;  for,  whilst  the  ceils 
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adhere  together  by  their  outer  zones,  their  inner  zones  are  free, 
and  after  secretion  these  separate  somewhat,  leaving  the  chan- 
nels called  after  Langerhans. 

We  also  know  from  the*  researches  of  Klein  (19)  that  thin- 
walled  Ijrmphatics  lie  in  the  connective  tissue  immediately 
outside  the  secreting  cells,  and  I  believe  the  pericellular  canals 
described  by  various  authors  (Turner  (42),  Giannuzzi  (9),  Savi- 
otti  (40),  and  Amozan  and  Vaillard  (1)  ),  after  injection,  to  be 
due  to  the  injection  forcing  its  way  beyond  the  canals  of 
Langerhans  between  the  cells  into  them.  The  last-named 
investigators  state  clearly  that  the  little  blue  frames  seen  by 
them  surrounding  the  cells  are  due  to  over-injection,  separating 
the  cells  from  one  another  and  from  the  subjacent  tissues. 

Connective  Tissue. — ^The  amount  of  connective  tissue  in  the 
pancreas  of  the  hedgehog  is  very  small,  and  is  reduced  to  a  mere 
vestige  between  the  acini ;  it  is  everywhere  of  the  usual  fibrous 
type,  with  connective-tissue  corpuscles  at  intervals.  There  are 
also  a  few  lymph  corpuscles  in  it  (Heidenhain  (12),  Lavdowsky 
(28),  Klein  (19),  Henle  (14),  and  others),  but  at  present  I  have 
seen  no  coarsely  granular  corpuscles,  which  is  rather  surprising, 
since  in  a  former  communication  I  have  described  their  great 
abundance  in  other  connective  tissues  during  hibernation,  not- 
ably in  the  tongue  and  oesophagus  (4). 

The  lymphatics  are  very  numerous,  each  acinus  having  one  or 
more  at  its  periphery;  the  large  blood-vessels  and  ducts  also 
have  lymphatic  trunks  twining  between  and  around  them 
(Klein  (19)  ).  Many  of  these  during  hibernation  are  in  a  state 
of  engorgement. 

The  gangUon  cells  situated  in  the  fibrous  tissue  surrounding 
the  larger  vessels  are  numerous,  and  usually  of  large  size.   They 
are  uninucleated,  and  present  all  stages  of  fatigue ;  many,  how- 
ever, are  in  the  resting  condition.    They  are  especially  inter- 
esting in  presenting  with  great  distinctness  the  "canals"  of 
Nansen  (32),  several  often  occurring  in  one  cell.    Each  canal 
has  running  up  its  centre  a  piece  of  tissue  directly  continuous 
ivdth  the  cell  envelope,  and  therefore  confirms  the  view  put  forth 
\yy  G.  Mann  (30)  that  these  channels  are  not  true  canals,  but  are 
produced  by  invaginations  of  the  cell  envelope  into  the  proto- 
plasm.   The  Pacinian  corpuscles  described  in  the  case  of  the 
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dog  and  cat  by  Hartia  (10)  are  also  fairly  numerous  in  the 
hedgehog,  near  the  head  of  the  pancreaa 

Finally,  the  islands  of  Langerhans  (Heidenhain  (12),  Saviotti 
(40),  Kolliker,  Knhne,  and  Lea  (20),  Eenant  (39),  Podwyssotzki 
(38),  Henneage  Gibbes  (15),  Lewaschew  (29),  Amozan  and 
VaiUard  (1),  and  Laguesse  (23)  )  are  numerous,  though  small, 
and  contain  many  large  cells,  filled  with  fine  eosinophiloas 
granules. 
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AN  ACCESSOBY  SEGMENT  IN  THE  PULMONARY 
VALVK  By  Keith  Campbell,  M.B.  (Edin.),  Assistant 
Medical  Officer,  Perth  Dislrid  Asylum,  and  formerly  Demon- 
strator of  Avaiomy,  University  of  Edinhirgh. 

Thk  poBt-mortem  examination  waa  held  on  a  man  (J.  C.)  who 
had  been  a  patient  in  the  Perth  District  Aflylum,  Murthly, 
under  the  care  of  Dr  G.  M.  Kobertaon,  for  four  years.  He 
suffered  from  chronic  chorea,  with  mental  enfeeblement,  and 
died  from  extensive  gangrene  of  the  lung. 

Durii^  life  nothii^  abnormal  was  observed  in  the  cardiac 
area  of  the  chest,  and  there  was  no  history  of  rheumatism. 

Heart. — In  the  interval  between  the  right  anterior  and  the 
posterior  s^ment  of  the  pulmonary  valve,  a  fourth  s^ment 
waa  found,  similar  to  the  others  in'shape,  but  much  smaller. 

The  depth  of  this  segment  was  about  one-third  the  depth  of 


the  others,  from  the  free  to  the  attached  edge ;  the  maximum 
breadth  of  the  segment  being  one-fifth  the  breadth  of  the 
others. 
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Towards  the  attached  border  a  certain  amount  of  fibroufi 
tissue  was  interposed  between  the  two  layers  of  endocardium, 
but  for  one-third  of  its  total  depth  towards  the  free  edge  the 
two  layers  of  endocardium  were  in  apposition,  with  practically 
no  fibrous  tissue  between  them.     There  was  no  corpus  Arantil 

Laterally,  at  the  upper  part,  the  segment  was  attached  to  the 
adjacent  segments.  From  the  free  concave  border  two  delicate 
cords  arose,  the  one  on  the  right  side  springing  close  to  the 
right  extremity  of  the  segment,  and  going  to  be  attached  along 
with  the  posterior  extremity  of  the  right  anterior  segment. 
The  other,  which  was  larger,  arose  near  the  centre  of  the  free 
edge  of  the  segment,  and  was  attached  along  with  the  right 
extremity  of  the  posterior  segment. 

Both  of  these  cords  were  quite  fi'ee  and  distinct.  They  con- 
sisted of  some  fine  strands  of  fibrous  tissue,  continuous,  on  the 
one  hand,  with  the  fibrous  tissue  near  the  attached  border  of 
the  segment,  and  on  the  other  with  the  wall  of  the  pulmonary 
artery.  These  strands  wei*e  covered  by  the  smooth  lining  of 
the  endocardium. 

The  space  between  the  wall  of  the  pulmonary  artery  and  the 
segment  was  found  to  communicate  rather  freely  with  the  sinus 
behind  the  posterior  valve  segment,  and  to  a  less  extent  with 
the  sinus  behind  the  right  anterior  valve  segment. 

The  posterior  segment  was  appreciably  smaller  than  the  two 
anterior  ones. 

The  pulmonary  valve  was  competent. 

The  aortic  valve  was  normal.  There  was  no  hypertrophy  of 
the  heart,  and  no  other  abnormalities  could  be  detected. 

There  were  no  signs  of  endocarditis  or  endarteritis  in  the 
heart  and  large  vessels. 


STUDIES  IN  THE  PEKITONEUM :  ITS  AEEANGEMENT 
IN  ANIMALS.  By  Byron  Eobinson,  B.S.,  M.D.,  Professor 
in  the  Posi-^aduaie  School^  Chicago, 

The  peritoneum  has  been  singularly  neglected  so  far  as  regards 
systematic  publications.  As  the  lines  of  my  work  have  been 
cast  in  the  fields  of  abdominal  surgery,  I  have  naturally  been 
led  to  study  the  peritoneum  and  viscera.  For  eight  years  I 
have  been  slowly  collecting  data  for  a  systematic  and  illustrated 
work  on  the  peritoneum.  But  one  soon  finds  that  any  work  on 
the  peritoneum,  to  be  of  any  value,  must  be  based  on  compara- 
tive labours.  So  I  have  carefully  examined  many  of  the  lower 
animals  and  foetuses,  to  observe  the  evolutionary  steps  of  peri- 
toneal development  along  the  ascending  scale  of  mammalian 
life. 

Every  species  of  animal  presents  peculiar  features  in  the  peri- 
toneum.   The  amount  of  peritoneum  possessed  by  an  animal 
depends  much  on  its  mode  of  nourishment  and  living.    Coarse 
food,  which  requires   long   tarrying   in   the   digestive  canal, 
demands  a  long  gut  and  much  peritoneum  to  cover  it.     The 
giraffe,  which  lives  on  leaves  and  woody  fibres,  is  reported  to  have 
a  digestive  tube  250  feet  long.    I  have  noted  some  80  feet  of 
digestive  tube  in  the  pig.    I  examined  a  two-year-old  colt,  and 
measured  some  85  feet  of  intestines.    One  can  find  about  120  feet 
of  gut  in  an  ox.    The  dog,  I  have  observed,  has  some  12  feet  of 
digestive  tube.    Now,  there  is  a  relative  amount  of  peritoneum 
in  any  animal  according  to  the  length  of  its  digestive  canal. 
The  feline  camivora  have  a  short  digestive  tube,  and  yet  the 
folds  of  the  peritoneum  of  the  cat  are  very  liberal.    It  is  in  the 
cats  that  one  can  find  marvellous  groundwork  for  the  correct 
comprehension  of   the  relatives  of  the  peritoneum  in  man. 
Especially  is  the  Cat's  peritoneum  instructive  in  two  points, 
viz.  : — 

(fl^)  It  shows  beautifully  the  development  of  the  mesogaster, 
and  that  about  the  stage  of  man's  embryo  at  the  end  of  the 
second  month.    It  shows  that  the  great  omentum  or  mesogaster 
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arises  from  the  mid-dorsal  line,  and  inserts  itself  into  the  greater 
curvature  of  the  stomach.  The  great  omentum  of  the  cat  shows 
plainly  and  distinctly  that  the  lesser  omental  cavity  is  merely 
a  depression  in  the  right  wall  of  the  mesogaster,  that  the  depres- 
sion in  the  right  wall  of  the  mesogaster  has  simply  increased 
into  a  great  bag  (lesser  omental  cavity),  until  its  circumference 
has  gradually  contracted  into  a  neck — Winslow's  foramen. 
Winslow's  foramen  is  simply  a  narrow  neck  leading  into  the 
wide  depression  in  the  right  wall  of  the  mesogaster.  If  one  lifts 
a  cat's  stomach  well  up  and  pushes  it  to  the  right,  he  can 
observe  the  mesogaster  arising  from  the  vertebral  column.  The 
great  omentum  in  a  cat  reaches  well  into  the  pelvic  cavity.  This 
great  omentum  is  not  to  keep  its  intestines  warm.  It  does 
facilitate  motion.  It  is  not  a  storehouse  for  fat.  It  does  pre- 
vent infectious  invasions.  It  is  the  cat's  peritoneal  protector 
against  infectious  invasion.  It  prevents  adhesions  of  the  gut  to 
the  anterior  abdominal  wall.  The  development  of  the  great 
omentum  appears  to  be  due  to  the  enlarged  liver  forcing  the 
stomach  down,  the  rotation  and  twisting  of  the  stomach  and  the 
development  of  the  diaphragm,  aided  by  the  peculiar  relation  of 
the  spleen  and  pancreas.  Also  must  be  added  in  the  higher 
mammals  the  transverse  colonic  relations  to  the  great  omentum. 
But  the  transverse  colon  plays  no  r61e  in  the  development  of 
the  cat's  omentum,  as  the  omentum  and  transverse  colon  do  not 
have  any  especial  relations  in  the  cat. 

(b)  The  second  very  instnictive  character  in  a  cat's  peritoneum 
is  the  slight  mesenteric  rotation  which  exists  in  the  camivora. 
The  great  intestinal  loop  has  only  just  begun  to  rotate,  say  one 
quarter  of  a  turn  or  less.  The  csecimi  is  still  in  an  adult  cat  at 
a  level  with  the  umbilicus.  The  csecum  has  just  begun  in  a 
most  distinct  manner  to  steal  away  the  anterior  or  left  blade  of 
the  meso-duodenum  and  appropriate  it  to  cover  the  growing  lower 
end  of  the  right  colon,  or  what  is  such  in  man.  In  fact,  the 
rotation  of  the  great  intestinal  loop  has  proceeded  so  slightly  in 
a  cat  that  it  might  be  said  that  a  cat  possessed  a  common  mesen- 
tery (mesenterium  commune).  The  flukes  or  sacs  of  peritoneam 
projecting  from  the  sides  of  the  bladder  are  characteristic  of 
camivora  and  some  fish  which  I  have  examined.  They  ai-e  l\]ke 
omenta  or  appendicae.     It  is  noticeable  that  those  flukes  are 
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most  prominent  in  relation  with  the  genito-urinarj  organs, 
t.«.,  they  have  an  original  relation  with  the  Wolffian  bodies. 
The  Wolffian  bodies  were  originally  large,  and  left  remnants  of 
peritoneal  folds,  which  were  supplied  richly  with  blood.  A 
valuable  knowledge  of  peritoneal  structure  and  function  can  be 
obtained  by  examining  lower  animals.  It  shows  well  the  evolu- 
tionary steps  in  the  development  of  the  peritoneum.  It  is 
wonderful  in  structure  in  regard  to  the  gastro-hepatic  omentum, 
great  omentum  and  gastro-splenic  omentum.  It  ia  difficult  to 
understand  why  the  omenta  are  so  liberal  in  size. 

The  Arraiigemeivt  of  the  Peritoneum  in  Man  and 

Animals, 

The  peritoneum  is  a  cavity  lined  by  endothelium,  and  in  con- 
nection with  the  lymphatic  system.    The  lymph  spaces  are  often 
divided  by  bands  or  septa,  and  the  partitions  are  covered  by 
endothelium.    The  lymphatic  system  presents  a  great  variety 
of  tissue  forms :  the  great  lymphatic  may  be  simply  a  free  tube, 
trabecular,  structure  many-chambered,  or  large  open  space&    The 
peritoneum  is  a  lymph  cavity,  having  no  partitions  or  separate 
chambers.     It  is  claimed  that  the  formation  of  distinct  lymph 
spaces  is  due  to  the  pressure  of  fluids.     It  has  long  been  pointed 
out  by  old  writers  that  spaces  lined  by  endothelium  similar  to 
the  peritoneal  cavity  existed  in  connection  with  the  lymphatic 
system.      It  is  remarked  by  Anderson  that  lymphatics  are 
abimdant  where  tissue  movement  is  active.    When  opportunity 
offers  for  active  interstitial  motion,  lymph  spaces  arise.     In 
sliort,  motion  and  lymph  cavities  are  inseparable.    Now,  it  may 
be  observed  that  certain  parts,  e,g,  viscera,  are  active,  while  the 
surrounding  parts  (walls)  act  entirely  independently,  so  that  it 
may  be  stated  that  the  activity  of  the  distinct  parts  and  the 
independence  of  surrounding  parts  are  associated  with  Isurge 
lymph  cavities.    Hence,  pressure  of  fluid  and  active  motion  of 
one  part  on  adjacent  parts  are  the  two  conditions  of  these  spaces. 
Tlie  pleuro-peritoneal  and  arachnoid  cavities  are  doubtless  the 
resTilt  of  the  independent  action  of  the  viscera  on  the  containing 
iiV£tlls,  aided  by  fluid  pressure.    Of  course,  all  motion  between 
^leaUs  and  viscera  must  be  considered  as  relative. 
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Anderson  quotes  Milne-Edwards  to  the  effect  that  invertebrate 
animals  with  peri-visceral  spaces  have  incomplete  peritoneal 
coverings,  and  never  mesenteries  like  vertebrates.  Grenerally, 
the  parietal  peritoneal  layer  is  imperfect,  and  the  sac  is  more  or 
less  open.  The  peri-visceral  spaces  communicate  with  the  outside 
world  by  pores.  A  general  view  of  the  condition  of  these  peri- 
visceral spaces  in  their  gradual  disappearances  would  indicate 
that  the  independent  action  of  the  body-walls  sets  the  digestive 
tube  free.  It  may  be  noticed  that,  as  the  peri-visceral  space 
gradually  diminishes,  it  is  replaced  by  sinews  or  muscle.  The 
peritoneal  cavity  is  a  great  lymphatic  sac  intersected  by  no  band 
trabeculse  or  chambers.  Its  spacious  cavity  is  due  to  the  coales- 
cence of  innumerable  small  lymph  chambers,  and  also  to  the 
independent  action  of  its  adjacent  walls. 

A  good  illustration  of  the  pressure  of  fluids  in  adjacent 
chambers  causing  atrophy  and  final  disappearance  of  the  inter- 
vening walls,  may  be  observed  in  a  multilocular  ovarian  tumour. 
In  fact,  I  have  often  observed  in  such  tumours  the  actual  progress 
of  the  disappearance  of  the  septa.    The  tissue  or  septum  first 
begins  to  atrophy  and  to  disappear  at  its  middle  point,  or  at  the 
point  which  exists  the  most  distant  from  the  circulation.     This 
atrophying  process,  from  the    fluid  pressure,  progresses  until 
chambers  arise  which  contain  quarts  of  fluid.    Fluid  pressure 
on  intercellular  spaces,  with  independent  movement  of  adjacent 
structures,  accounts  for  large  chambers  in  multilocular  ovarian 
tumours ;  and  the  same  principles  apply  to  the  coalescence  of 
lymph  spaces,  which  result  in  the  production  of  serous  cavities, 
to  which  belongs  the  peritoneum.     Motion,  active  or  relative, 
is  always  connected  with  abundant  lymph  spaces  and  serous 
cavities.    The  bursae  found  about  tendons  are  a  good  example  of 
motion  calling  up  serous  cavities.    Independent  action  of  wstta 
or  adjacent  tissue  sooner  or  later  enables  the  coalesced  lym- 
phatic spaces  to  be  detached.      In  certain  fish  the   intestine 
shows  remnants  of  the  bands  stretching  through  lymphatic 
spaces,  as  the  digestive  tube  is  still,  in  adult  fish  life,  held  in 
position  by  irregular  bands,  which  not  only  serve  for   support 
but  transmit  vessels  and  nerves.     I  haye  noticed  in  examining 
fish  that  all  the  digestive  tract  was  not  entirely  free  in  the 
peritoneal  cavity,  but  held  in  position  by  connective  tissue. 
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Milne-Edwards  is  quoted  as  asserting  that  in  most 
amphibia  and  reptiles,  muscle  bands  extend  into  the  mesen- 
tery along  the  blood-vessels.  Owen  states  that  the  mesentery 
of  the  marsupials  is  simple,  like  that  of  reptiles.  Cleland 
announces  that  in  the  wombat  the  duodenum  passes  behind 
the  transverse  colon  as  it  does  in  the  human,  and  that 
there  is  a  common  mesentery  to  the  small  intestines  and 
the  ascending  colon  and  caecum.  The  wombat  resembles 
man,  however,  in  possessing  an  appendix,  and  also  in  embryo. 
Cleland's  drawing  of  the  wombat's  abdominal  viscera  represents 
an  earlier  stage  of  man's  digestive  tract,  as  the  right  half  of  the 
transverse  colon,  the  descending  colon,  the  caecum,  and  all  the 
small  intestines  except  the  duodenum,  have  a  common  mesentery. 
At  the  third  foetal  month  one  may  find  in  the  human  embryo 
just  the  relations  found  in  the  adult  wombat. 

In  cetacea  it  is  asserted  that  the  intestine  is  suspended  by  a 

common  continuous  mesentery.    In  the  porpoise,  says  Hunter, 

"  the  duodeuum  does  not  pass  behind  the  mesentery,  as  in  most 

animals  of  that  class."    Anderson  notes  that  in  a  specimen  of 

Phoccena  melas  which  he  examined,  the  stomach  was  connected 

to  the  liver  by  the  gastro-hepatic  omentum.    The  great  omentum 

contained  an  omental  cavity,  but  had  no  connection  with  the 

large  sac.     The  foramen  of  Winslow  was  absent.     In  the  badger 

and  dog, — ^the  last-named  animal  I  have  repeatedly  examined, — 

the  arrangement  of  the  peritoneum  represents  a  certain  stage  of 

enabryonic  man.     In  them  the  stomach  has  its  three  omenta 

like  man ;  however,  not  so  complicated.    The  right  half  of  the 

pancreas  lies  in  the  meso-duodenum,  while  the  left  half  derives 

its  coverings  from  both  omental  sacs.    The  great  omentum  is 

very  abundant,  and  will  stretch  far  beyond  the  pelvis  when 

unfolded.     It  is  fixed  to  the  median  line  between  the  kidneys, 

for  a  dog  has  no  transverse  colon  like  a  man.    The  duodenum 

is  some  12  inches  long,  and  has  an  extensive  meso-duodenum  of 

6   inches  from  the  vertebral  column  to  the  gut  (dog  25  lbs.). 

The    lower  end  of  the  duodenum  is  at  the  right  side  of  the 

attacliment  of  the  great  omentum.    The  same  point  holds  good 

in  man  in  early  embryonic  life,  as  the  great  omentum  forms  its 

connection  in  him  to  the  transverse  colon  from  right  to  left. 

But  the  adult  dog  has  only  evoluted  to  man's  embryo  of  the  third 
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month.    Fusing  of  the  lower  end  of  the  dog's  duodenum  with  &e 
lower  right  border  of  the  great  omentum  exists  for  about  an  inch. 
It  has  just  arrived  at  the  third  foetal  month  of  man.     Below 
the  duodenum  in  dogs,  the  gut  forms  a  large  loop,  with  its  neck 
attached  to  the  posterior  abdominal  wall.    In  this  loop  runs  the 
superior  mesenteric  artery.    The  neck  is  only  the  width  of  the 
two  bowels  composing  it    The  lower  end  of  the  loop  ends  in 
the  straight,  large  bowel  which  runs  into  the  pelvis  and  ends 
at  the  rectum.    A  dog's  large  bowel  has  no  tsenia  coli,  no  saccu- 
lations, and,  so  far  as  I  have  noted,  no  appendicse  epiploic^. 
In  the  dog  the  great  omentum  is  attached  by  one  end  to  the 
great  curvature  of  the  stomach,  and  the  other  inserts  itself  into  the 
median  line  of  the  posterior  abdominal  wall    The  pancreas  lies 
in  the  folds  of  the  gastro-coelic  omentum.    The  ascending  layer 
of  the  great  omentum,  derived  from  the  sac  itself,  passes  up  and 
emerges  into  the  anterior  layer  of  the  transverse  colon.    In  the 
dog,  it  seems  to  me  that  the  views  of  Meckel,  Haller,and  Miiller 
as  regards  the  formation  of  the  transverse  meso-colon  could  be 
refuted.    It  appears  to  the  author  that  the  dog's  omentum  and 
transverse  colon  show  distinctly  that  the  transverse  colonic 
mesentery  is  not  formed  by  fusion,  coalescence,  or  abaorption, 
but  by  readjustment.    The  peritoneum  is  rearranged  so  that 
the  colon  transversum  appropriates  from  the  great  omentum 
sufficient  to  form  its  meso-colon.    It  would  appear  that  in  the 
dog  the  relation  of  the  so-called  transverse  colon  and  the  giea& 
omentum  would  indicate  that  rearrangement,  readjustment  and 
appropriation    of    peritoneum,  through   hypertrophy,   atrophy 
and  positional  changes  of  viscera,  explain  matters,  rather  than 
coalescence  and  atrophy.    This  view  arose  in  my  mind  from  the 
examination  of  dogs  and  embryos  of  man  and  animals.     In  the 
dog  the  caecum,  with  no  appendix,  is  situated  high,  and  just  to 
the  right  of  the  median  line.      The  caecum  and  lower  end  of 
the  duodenimi  is  fused  for  about  an  inch  by  inter-cellular  tissue, 
but  held  in  place  by  peritoneum.     The  dog  has  no  costo-colic 
ligament  (ligamentum  phrenico-colicum  sinistrum),  nor  no  sig- 
moid flexure.    The  proportion  of  his  bowel  (for  a  25  lb.  dog)  are 
— duodenum  1  foot,  small  intestines  8  feet,  and  large  intestine  1 
foot.    The  foramen  of  Winslow  is  represented  by  a  slit  dorsad 
to  the  portal  vein.    The  foramen  will  admit  two  fingers,  which 
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pass  into  a  capacious  sac  (lesser  omental  cavity)  situated 
behind  the  stomjwL  The  great  omentum  is  very  thin,  and 
penetrated  by  large  numbers  of  small,  fine  holes,  much  fenes- 
trated. 

The  kidney  is  almost  entirely  surrounded  by  peritoneum, 
which  in  some  cases  presents  almost  a  meso-nephron.  The  dog 
has  projecting  into  his  peritoneal  cavity,  pouches  of  peritoneum 
filled  with  fat,  resembHng  appendicae  epiploicae.  I  have  measured 
two  of  such  projections  in  one  dog,  and  find  that  they  measured 
3x1  inch.  Such  accumulations  of  fat  are  found  in  exactly 
similar  localities  in  man,  i.e,,  around  the  hernia  orifices  and  along 
the  bladder.  Besides,  a  peculiar  fold  of  peritoneum  exists  on 
each  side  of  a  dog's  (male)  bladder,  resembling  the  broad  la- 
ments of  women.  I  have  frequently  found  a  similar  fold  passing 
transversely  across  the  top  of  a  man's  bladder. 

The  great  omentum  in  the  ferret  {MvMda  furo\  pole-cat 
{Putorius  fostidus),  badger  {Meles  taxidea)^  otter  {Lutra  vulgaris), 
is  arranged  similarly.     In  farinaceous  Europeans,  the  intestinal 
canal  is  connected  to  the  posterior  abdominal  wall  by  a  con- 
tinuous mesentery.    The  great  omentum  is  not  connected  to  the 
coloiL     In  quadrumana  the  great  omentum  is  attached  to  the 
right  end  of,  or  to  all  the  transverse  colon.    The  omentum  may 
adhere  only  to  the  right  end  of  the  colon,  as  in  GyThocepludus 
antibis,  or  to  the  right  third,  as  in  Cebus  capitdniis ;  but  in  the 
last  case  some  of  the  ascending  colon  receives  a  share.     Among 
the  lemurs,  Galago  crassicavdata  has  a  great  omentum  which  is 
large,  and  confined  to  the  left  side.    The  elongated  transverse 
colon  consists  of  an  ascending  and  descending  limb — a  kind  of 
V-shaped  tube  found  in  abnormal  man,  or  the  normal  tube 
f  oimd  in  the  horse.     In  typical  man,  apparently  the  highest  or 
last  most  complicated  peritoneal  structure,  the  colon  transversum, 
lies  between  the  layers  of  the  great  omentum.    The  duodenum 
paases  behind  the  meso-colon  transversum.    The  pancreas,  unlike 
that  of  animals,  lies  behind  the  great  omentum  (not  between  its 
layers),  and  also  behind  the  lesser  omental  cavity. 

In  fish,  meso-colon  and  mesentery  are  found  undeveloped,  as 
i^ell  as  an  occasional  elongated  mesentery.  In  amphibise  and 
reptiles  more  complete  arrangements  of  the  peritoneum  arise, 
birds  is  found  a  well-marked  duodenum.    In  lower  mammals, 
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as  Hunter  pointed  out  in  the  porpoise,  a  digestive  tube  swings 
by  a  simple  meso-gastrium.    The  peritoneal  and  bowel  arrange- 
ments become  more  complex  in  the  dog,  which  presents  an 
ascending  high  caecum,  and  a  partial  rotation  of  the  great  navel 
loop — a  long  evolutionary  step;  and  we  find  in  some  of  the 
lower  quadrumana  that  the  great  omentum  begins  to  attach 
itself  to  the  right  end  of  the  colon  transversum ;  and  finally,  in 
the  higher  classes  of  manmials,  the  great  omentum  is  attached 
to  the  whole  length  of  the  transverse  colon.     It  is  a  significant 
and  profound  fact  that  man  passes  through  all  these  noted 
stages  while  in  embryo.     All  the  changes,  and  all  the  evolu- 
tionary steps  from  the  lower  animals,  with  a  straight  digestive 
tube  swung  from  the  dorsum  by  a  simple  double  membrane — 
the  mesentery — up  to  the  most  complicated — ^man — are  com- 
paratively easy,  except  two,  viz.,  one  is  the  development  of  the 
great  omentum,  and  the  other  is  the  lesser  omental  sac  as 
finally  found  in  man.     I  have  left  out  of  the  above  two  ques- 
tions why  the  digestive  tube  rotates  from  left  to  right. 

It  may  be  noted  that  the  position  of  the  duodenum  is  due  to 
the  atrophying  liver.  Kow,  may  not  the  rotation  of  the  diges- 
tive tract  be  due  to  the  same  cause,  ie.,  the  rapid  shrinkage  of 
an  embryonic  organ  of  enormous  dimensions.  The  hepato- 
duodenal ligament  may  aid.  Also  the  hepato-colic  ligament 
assists  in  some  C€ises. 

Dr  R  J.  Anderson  suggests  that  the  formation  of  the  small 
omentum  is  due  to  friction.  Here,  again,  would  come  in  the 
power  that  interstitial  fluid  pressure  has  in  making  many 
chambers  into  a  few,  and  it  is  aided  by  the  independent  action 
of  the  body-walls.  Dr  Anderson  concludes  that  the  lesser  sac 
(cavum  omentum  minus)  arises  independently,  and  not  from  the 
larger  sac  (cavum  omentum  ma  jus) ;  also  that  the  foramen  oi 
Winslow  is  due  to  the  separation  of  the  meso-gastrium.  It 
seems  to  the  author  that  the  cavum  omentum  minus  is  plainly 
a  depression  in  the  right  wall  of  the  mesogaster  posterior,  and 
that  Winslow's  foramen  is  but  the  neck  of  that  depression. 

1.  In  the  Pig  the  general  arrangement  of  the  peritoneum 
does  not  vary  to  any  great  extent  in  animals.  The  chief  varia- 
tion which  I  have  noted  is  almost  entirely  in  the  great  omentum. 
I  examined  the  pig  embryo  in  various  stages,  and  found  very 
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little  great  omentum.    The  spleen  was  attached  almost  along 
the  entire  curvatnre  of  the  stomach,  even  to  a  slight  distance 
to  the  right  of  the  vertebral  column.    It  was  in  close  contact 
with  the  stomach,  from  near  the  pylorus  around  the  greater 
curvature  of  the  stomach.    The  pancreas  reached  entirely  across 
the  abdomen,  and  lay  in  the  great  omentum.     Its  head  reached 
into  the  concavity  of  the  duodenum.     The  duodenal  mesentery 
is  very  long.    The  pig  has  no  sigmoid  loop,  and  its  descending 
colon  passes  along  the  mid-dorsal  line.    The  meso-colon  is  not 
displaced  by  the  growing  kidney,  as  it  is  in  man.     The  pig  has 
a  liberal  peritoneum,  for  his  intestines  are  about  70  feet  long. 
The  small  intestines  in  the  embryos  had  a  long  mesentery.    The 
great  bowel  loop  rotates  just  as  man's  does,  but  in  no  pig  foetus 
could  I  find  a  costo-colic  ligament  (ligamentum  phrenico-colicum 
sinistrum).    The  developing  kidney  in  man  allows  this  ligament 
to  be  formed.    A  pig's  intestines  are  an  advanced  evolutionary 
step  over  a  dog's,  as  the  caecum  has  passed  much  further  in  its 
travels  in  a  pig  than  in  a  dog.     In  a  pig  the  caecum  has  passed 
over  in  front  of  the  duodenum,  and  begun  to  descend  toward 
the  right  iliac  fossa.    Though  the  caecum  has  accomplished 
much  more  distance  in  bowel-loop  rotation  than  in  a  dog,  yet 
it  does  not  lie  very  much  below  that  of  a  dog's.    The  liver  is 
perhaps  relatively  greater  in  an  embryo  pig  than  in  an  embryo 
man.     A  pig  has  relatively  more  peritoneum  than  a  man. 
His  peritoneum  is  not  subject  to  such  fatal   peritonitis  as 
man's.    The  relation  of  the  transverse  colon  to  the  great  omentum 
in  a  pig  ia  similar  to  that  in  a  dog.     The  lower  layer  of  the 
great  omentum  and  the  upper  layer  of  the  transverse  meso- 
colon join  on  the  backbone  just  below  the  pancreas — ix,y  those 
two  layers  have  not  coalesced,  or  rather  become  readjusted. 
The  stage  of  a  pig's  great  omentum  resembles  a  human's  at 
about  two  months.    It  seems  to  me  that  it  is  plain  in  a  pig's 
embryo  that  the  liver  is  responsible  for  (a)  the  rotation  of  the 
stomach,  (b)  for  the  twisting  of  the  stomach,  (c)  for  the  descen- 
sion  of  the  stomach.    A  pig  has  an  extra  large  pouch  on  its 
stomach  on  the  cardiac  end.     There  exists  a  large,  long  single 
mesenteric  gland  for  the  small  intestines.     In  the  foetal  pig  the 
eolon  coils  around  the  packet  of  small  intestines.    The  foramen 
of  Winslow  is  quite  large  in  foetal  pigs. 
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Dr  Lucy  Waite  and  I  carefully  examined  the  Rabbit,  for  the 
purpose  of  comparison,  with  the  peritoneimi  of  other  animals. 
The  first  feature  of  note  in  a  rabbit's  peritoneum  is  the  enormous 
caecum,  which  Ues  transversely  across  the  abdomen,  generally  in 
two  double  coils.  This  coiled  caecum  almost  covers  the  other 
viscera  as  one  removes  the  anterior  abdominal  wall.  In  one 
rabbit  the  caecum  measured  20  inches,  and  in  another,  which  we 
also  noted,  the  caecum  measured  15  inches.  The  caecum  is  a 
complicated  structure,  and  has  many  complicated  folds  of  peri- 
toneum surrotmding  and  supporting  it,  with  also  an  extensive 
mesentery.  Just  where  the  ileum  enters  the  ascending  colon^ 
the  colon  swells  into  a  dome-like  structure.  At  this  point  the 
colon  is  very  large.  The  caecum  contracts  irregularly  to  its 
blunt  end.  For  the  last  3  inches  the  caecimi  tapers  very 
uniformly,  and  almost  retaining  the  same  diameter.  The  caecum 
is  sacculated,  and  has  taenia  coli.  The  caecum  must  represent 
some  ancestral  secondary  herbivoral  stomach.  The  rabbit  has 
no  appendix  vermiformis  caeci,  but  it  has  a  structure  which 
closely  resembles  it.  The  caecum  of  the  rabbit  is  enormously 
large  in  proportion  to  the  small  intestines.  The  descending 
colon  is  held  to  the  mid-dorsal  by  a  2-inch  mesentery.  It  is 
8  inches  long.  The  splenic  flexm^e  shows  distinct  bands  con- 
necting it  to  the  spleen,  which  lies  close  to  the  left  curvature  of 
the  stomach.  The  flexura  coli  lienalis  is  a  right  angle.  There 
is  no  costo-colic  ligament.  The  transverse  colon  passes  across 
the  abdomen  in  a  very  peculiar  manner.  It  pursues  a  course 
parallel  to  the  long,  free  duodenum.  It  lies  on  the  meso- 
duodenum,  almost  in  contact  with  the  duodenum ;  and  as  the 
duodenum  is  from  12  to  16  inches  long,  the  transverse  colon 
follows  it  all  the  way  around,  and  finally  crosses  the  duodenum 
at  its  transverse  portion  or  lower  end.  No  bands  or  sacs  are 
foimd  on  the  descending  and  transverse  colons,  but  sacculi  and 
taenia  coli  begin  on  the  ascending  colon,  an^  become  very  pro- 
minent as  they  approach  the  caecum.  The  duodenum  is  12 
inches  long,  its  mesentery  is  1^  inches,  and  it  contains  the 
pancreas  in  its  folds.  The  small  intestines  are  5  feet  long. 
The  mesentery  is  6  inches.  The  large  intestine  is  3  feet 
6  inches.  The  caecum  is  20  inches.  Now,  the  great  omentum 
resembles  that  of  a  pig.    The  greater  curvature  of  the  stomach  is 
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well  forward  in  the  abdomen.  The  great  omentum  is  a  double  f  old^ 
is  nearly  3  inches  long,  but  it  is  rolled  up,  and  lies  along  the 
great  stomach  curvature.    It  does  not  connect  itself  to  the  colon 
as  a  double  layer  or  fold,  but  the  fold  which  lies  on  the  lower 
side  passes  to  the  colon.    This  single  omental  blade  begins  to 
pass  first  to  the  right  end  of  the  transverse  colon  exactly  as  it 
may  be  typically  observed  in  the  human  foetus  and  dog.    The 
pancreas  lies  in  the  folds  of  the  great  omentum.    The  rabbit  is. 
a  good  sample  to  illustrate  that  the  lower  left  border  of  the 
great  omentimi  will  finally  form  the  phrenico-colic  ligament. 
The  fossa  duodeno-jejunalis  is  present.     The  root  of  the  mesen- 
tery is  very  short — IJ  inches  long.    The  rotation  of  the  great 
intestinal  loop  of  a  rabbit  represents  that  of  the  human  foetus  of 
about  four  months.     The  rabbit  is  more  advanced  in  intestinal 
rotation  than  the  dog  or  pig,  but  it  retains  the  ancestral  relic 
of  a  secondary  herbivoral  stomach  to  a  remarkable  d^ee.     In 
the  rabbit,  as  in  all  mammalia,  the  peculiar  feature  in  regard  to 
the  peritoneum  consists  in  the  great  omentum,  and  its  connec- 
tions especially  with  the  transverse  colon.    It  appears  to  me 
that  the  coalescence  theory  of  Haller,  Meckel,  and  Muller  is 
easily  disposed  in  the  rabbit's  peritoneum.    In  the  place  of  this 
theory  I  advocate  that  of  readjustment  or  displacement.    The 
part  of  the  peritoneum  which  lies  between  the  stomach  and 
colon  is  dragged  out,  displaced,  or  readjusted,  so  that  adult 
relations  finally  come  about.     The  rabbit's  lesser  omentum 
shows  well  the  three  divisions  which  I  have  previously  described, 
i.e.,  the  pars  tendineus,  pars  flaccida,  and  pars  hepato-duodenale. 
A  rabbit's  mesenteries  and  omenta  are  far  more  liberal  than  in 
man,  and  one  would  think  that  volvulus  would  be  common  in  such 
animals,  especially  of  the  extraordinarily  long  and  large  caecum. 
I  saw  no  appendicae  epiploicae  in  the  rabbit,  but  in  the  rabbit's 
pelvis  one  can  observe  flukes  of  fat  covered  with  peritoneum 
from  1  to  2  inches  long.     Similar  projections  of  fat  are  found 
in  the  dog's  pelvis  along  his  bladder.    The  usefulness  of  these 
large  projections  of  fat  is  unknown.     The  kidneys  are  im- 
bedded in  solid,  thick  walls  of  accumulated  fat.    The  rabbit's 
peritoneum  is  exceedingly  thin,  and  the  membrana  mesen- 
terii  propria  is  proportionately  spare.      The   great  omentum 
does  not  hang  down  over  the  caecum  or  small  intestines,  but 
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lies  rolled  up  in  a  bundle  along  the  greater  curvature  of  the 
stomach. 

I  have  examined  the  peritoneum  of  scores  of  dogs,  and  it  is 
almost  identical  with  that  of  the  cat.  The  dog  is  a  convenient 
animal  in  which  to  study  the  peritoneum,  and  from  which  to 
instruct  students.  In  the  horse,  one  can  well  see  the  immensity 
of  the  peritoneum,  especially  in  veterinary  schools,  as  they 
use  their  material  fresh.  The  solipeds  resemble  very  much  the 
rodents  in  the  arrangement  of  the  peritoneum  and  the  large 
(double)  bowel  loops.  However,  the  squirrel  has  two  double- 
barrelled  bowel  loops  in  the  ascending  colon.  In  the  squirrel 
is  seen  the  most  typical  sample  of  a  growing  bowel  appropriating 
the  peritoneum  to  cover  itself.  For  example,  the  csecuni 
journeys  on  its  circuit  to  the  right  iliac  fossa,  it  passes  over  the 
extensive  left  face  of  the  meso-duodenum  twice,  and  as  it  passes 
it  lifts  up  the  thin  shining  serous  endothelium  to  cover  itself 
and  make  a  meso-colon  dextrmn.  It  is  a  typical  sample  to  show 
the  process  of  peritoneal  adjustment  or  displacement,  as  against 
the  views  of  Haller,  Meckel,  and  Miiller.  In  the  rodents  the 
meso-colon  descendens  (sinistra)  inserts  itself  directly  in  the 
mid-dorsal  line. 

The  chief  variation  seen  in  the  upper  scale  of  animal  life,  as 
regards  peritoneal  arrangements,  arises  in  the  relation  of  the 
great  omentum  and  transverse  colon.     In  highest  mammals 
the  transverse  colon  has  definite  relations  with  the  great  omen- 
tum, but  the  most  manifestly  in  man,  for  I  have  frequently  seen 
the  great  omentum  (Haller's  omentum)  extend  down  to   the 
entering  ileum  in  both  adult,  and  especially  in  embryonic  man. 
Some  difference  also  may  arise  in  the  amount  of  kidney  the 
peritoneum  covers.     In  the  dog  there  is  a  meso-nephron,  while 
in  man  I  have  never  observed  one.     On  the  amount  of  rotation 
of  the  navel  loop  in  any  animal  will  depend  its  final  peritoneal 
arrangements.    For  nearly  all  fixed  peritoneal  attachments  have 
occurred  from  rotation  of  the  navel  loop  in  higher  mammalsL 
The  lowest  mammals  often  have  a  common  mesentery  from 
diaphragm  to  diaphragm,  i,e.j  a  mesenterium  commime.    Even  in 
adult  man  I  have  found  two  cases  of  mesenterium  commune  for 
every  hundred  subjects  examined.    The  gastro-hepatic  omentom 
is  strangely  similar  in  all  the  above-named  mammals,  ie,^  it  is 
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composed  of  the  pars  tendineus  (Bobinson),  pars  flaccida 
(Toldt),  and  pars  hepato-duodenale.  The  meso-colon  sinistra 
is  chiefly  inserted  in  the  mid-dorsal  region  in  animals  below 
the  quadrumana.  But  in  bimana  the  growing  kidneys  appro- 
priate the  vertical  meso-colon  dextrum  et  sinistrum  to  cover 
themselves,  and  also  force  the  colon-sinistrum  to  the  left  ab- 
dominal wall,  and  in  man  there  is  no  vertical  meso-colon. 

In  regard  to  the  arrangements  of  the  mesenteries,  these 
animals  with  long  peritoneal  supports  must  be  greatly  endan- 
gered by  volvulus.  The  solipeds  and  the  rodents  are  in  immi- 
nent danger  of  volvulus,  and  reliable  veterinary  surgeons 
informed  me  that  volvulus  is  often  fatal  in  the  horse.  The 
rodent's  enormous  caecum  is  surely  a  menace  to  life  by  volvulus. 
Many  a  time  I  tried  to  produce  a  volvulus  in  the  dog,  but  the 
short  carnivorous  digestive  tract,  with  its  relatively  short 
mesentery,  prevented  permanent  volvulus,  except  it  was  sutured 
in  position,  and  even  then,  many  times  in  my  experiments,  the 
sutures  were  torn  out  as  the  volvulus  forcibly  reduced  itself. 

Retro-peritoneal  hernia  might  also  occur  in  the  lower  mam- 
mals as  well  as  in  man.    However,  I  think  retro-peritoneal 
hernia  in  the  fossa  duodeno-jejunalis  must  be  very  rare  in 
mammals  below  the  quadrumana.    The  fossa  duodeno-jejunalis 
depends  on  the  amount  of  rotation  of  the  navel  loop,  so  that 
the  vena  mesenterica  inferior  may  be  dragged  well  toward  the 
portal  vein  to  empty  into  it,  and  thus  projecting  permanently 
upward  a  large  peritoneal  fold.     In  other  words,  the  fossa 
duodeno-jejunalis  is  more  prominent  in  higher  life,  and  hence 
more  liable  to  engage  a  bowel  loop  in  the  fossa,  but  Winslow's 
foramen  is  more  liable  to  produce  hernial  strangulation  of 
bowel  loops  in  lower  mammals  than  man,  for  it  is  a  longer 
<aiid  more  exposed  slit  in  mammals  than  in  man.     In  man, 
l^inslow's  foramen  is  protected  by  the  hepatic  flexure  of  the 
colon,  the  liver  and  right  kidney,  to  a  very  much  greater  extent 
tlian  it  is  in  lower  animals. 


A  CASE  OF  ECTOPIA  VESICAE,  WITH  PATENT  VITEL- 
LINE DUCT.  By  J.  H.  SbquKEA,  M.D.,  Demmstrabyr  of 
Anatomy,  London  Hospitcd? 

The  subject  of  this  interesting  and  rare  malformstioii  was  a 
female  child,  bom  at  foU'term,  who  died  at  the  London  Hosjdtal 
fotiT  days  after  birth.  The  caae  was  under  the  care  of  Mr 
MHIIarthy,  who  has  kindly  permitted  me  to  describe  it. 


External  Appearances  (fig.  1). 

The  lower  part  of  the  abdomen  is  occupied  by  a  somewhat 
triangular  area  of  mucous  membrane,  at  the  apex  of  which  is 


attached  the  umbilical  cord.    This  mucous  area  is    the  opoi 

bladder,  and  at  its  lower  part  there  is  a  lat^  funnel-shaped 
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orifice,  the  patent  vitelline  duct,  leading  directly  into  the  lower 
part  of  the  ileum.  On  each  side  of  this  cavity,  which  is  large 
enough  to  admit  the  forefinger,  the  bladder  wall  is  pushed  for- 
wards as  a  large  rounded  eminence.  On  the  right  protrusion 
there  are  three  orificea  The  lowest  of  these,  which  is  slit-like 
in  form,  is  the  opening  of  the  common  urogenital  duct.  The 
middle  orifice  is  guarded  by  lip-like  folds  of  mucous  mem- 
brana  It  leads  into  a  short  blind  tube,  which,  from  its  position 
Just  in  front  of  the  opening  of  the  genital  (Mtillerian)  duct,  is 
probably  the  duct  of  Gartner.  The  superior  orifice  also  leads 
into  a  short  blind  tube. 

On  the  left  side  there  are  two  openings  upon  the  bladder  wall. 
The  inferior  is  circular,  and  leads  into  the  genital  (Miillerian) 
duct  The  anterior  resembles  the  middle  orifice  on  the  right 
side,  being  guarded  by  mucous  folds,  and  ending  blindly.  This 
is  probably  the  left  duct  of  Gartner. 

The  labia  majora  are  two  transversely  placed  folds  of  skin, 
approaching  the  mesial  plane  just  in  front  of  the  anterior  ex* 
tremity  of  the  gluteal  cleft.  Two  thin  folds  of  mucous  mem- 
brane lying  in  front  of  the  labia  majora  probably  represent  the 
labia  minora. 

In  front  of  these  the  mucous  membrane  is  smooth,  and  ex- 
tends to  the  lower  margin  of  the  large  opening  of  the  vitelline 
duct 

There  is  no  anal  dimple. 

IntemcU  Appearances  (figs.  2  and  3). 

The  bowel  is  altogether  1-37  metres  long. 

The  duodenum  presents  no  abnormality. 

In  the  upper  part  of  the  jejunum  there  is  a  short — evidently 
recent — intussusception  about  2*5  centimetres  long.  This  in- 
vagination probably  occurred  in  articuio  mortis. 

The  ileum  may  be  considered  in  two  parts.  The  upper  por- 
tion presents  no  abnormality,  and  ends  by  a  small  orifice  in  the 
funnel-shaped  vitelline  duct.  It  opens  at  right  angles  to  the 
terminal  part  of  the  ileum  (fig.  2).  This  part  of  the  bowel  is  in 
direct  continuity  with  the  vitelline  duct,  and  has  a  wider  lumen 
tlian  the  upper  part. 
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The  csecum  is  a  short  blunt  protrueion,  opposite  which  the 
vermiform  appendix  (fig.  2)  arises. 

The  large  bowel,  which  is  11'2  centimetres  long,  forms  a  single 
loop,  and  ends  blindly  in  the  pelvis  opposite  the  end  of  the 


coccyx.  It  is  attached  to  the  posterior  wall  of  the  abdomeu 
and  pelvis  by  a  mesentery,  the  line  of  attadimeut  of  the  rectal 
portion  nmning  from  the  left  sacro-iliac  synchondrosis  to  the 
coccyx. 


The  kidneys  (fig.  3)  lie  on  each  side  of  the  spine  io  the  lumbar 


The  right  kidney  is  large.  It  measures  5  centimetres  in  ite 
long  axia  It  is  surmounted  by  a  somewhat  flattened  adrenal 
body. 


CASE  OF  ECTOPIA  VESICiE,  WITH  PATENT  VITELUNE  DUCT.      365 

the  ureter  communicates  below  with  the  lower  end  of  the 
genital  duct 

The  left  kidney  is  atrophic,  measuring  about  1  centimetre  in 
its  long  axis.  The  adrenal  is  triangular,  and  is  about  the  same 
size  as  the  kidney. 

The  ureter  is  a  fine  tube,  which,  although  attached  below  to 
the  left  genital  duct,  has  no  communication  with  it. 

Just  internal  to  the  left  kidney  lay  a  small,  rounded,  red  body. 
Its  structure  has  been  kindly  examined  for  me  by  Dr  Bulloch, 
who  reports  that  he  is  of  opinion  that  it  is  an  accessory  adrenal 
body. 

The  right  ovary  (fig.  3)  is  an  elongated  body,  lying  close  to 
the  outer  end  of  the  genital  duct,  and  is  attached  to  it  by  a 
band,  the  ovarian  ligament.  Microscopically  the  organ  consists 
of  a  stroma,  and  the  periphery  contains  numerous  ova,  each 
being  surrounded  by  a  layer  of  fluid,  which  again  is  bounded  by 
a  capsule  with  flattened  cells. 

The  lateral  part  of  the  genital  tube  has  a  well-defined  swelling 
upon  it.  The  wall  of  this  contains  unstriped  muscular  fibre, 
and  represents  a  rudimentary  uterus.  The  mesial  portion  of 
the  tube  is  thinner,  and  the  ureter  opens  into  it  at  an  acute 
angle.  The  common  urogenital  duct  thus  formed  opens  on  the 
surface  by  the  slit-like  orifice  above  described  (see  fig.  1). 

The  left  ovary  is  similar  to  the  right 

The  ovarian  ligament  is  well  defined. 

The  oviduct  is  much  larger  and  thicker  than  that  of  the  right 
side,  and  forms  a  well-developed  uterus  and  vagina,  opening  by  a 
circular  orifice  at  the  lower  part  of  the  left  half  of  the  bladder 
Cfig.  1).  A  well-marked  round  ligament  runs  from  this  comu 
uteri  to  the  inguinal  region. 

The  ureter  is  attached  to  the  back  of  the  lower  part  of  the 
genital  tube,  but  has  no  communication  with  it. 

On  each  side  the  hydatid  of  Morgagni  and  the  parovarium 
are  found  in  their  usual  relation  to  the  broad  ligament. 

The  pelvis  (fig.  4)  is  of  the  form  usually  found  in  cases  of 
ectopia  vesica.  The  rami  of  the  ischium  and  pubes  are  short, 
and  directed  somewhat  forwards.  There  is  an  interval  of  4*5 
centimetres  between  the  lateral  halves  of  the  pelvis  in  front 

In  all  other  respects  the  body  was  normal. 
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On  examining  the  lit«i:ature  of  the  subject,  I  find  that  no 
Bimilar  case  has  been  recorded  in  thiB  country.  Ahlfeld(l) 
describes  the  condition,  and  gives  figures  in  his  Atlas  of  cases  ot 
a  somewhat  similar  nature.  In  one  instance,  originally  described 
by  Kossnm,  the  small  intestine,  the  ctecum  and  appendix,  and 
the  colon,  all  opened  on  the  surface  of  an  extroverted  bladder. 


Ka4. 


In  another  case,  described  by  Witner  and  figured  by  Ahlfeld,  the 
small  and  the  large  intestine  opened  on  the  surface  of  the  bladder. 
In  each  of  these  cases  the  normal  anus  was  absent,  and  the 
ureter  and  genital  ducta  opened  on  the  ectojna,  but  by  Beparate 
orifices. 

The  conditions  found  here  depend  upon  defecta  of  develop- 
ment at  a  very  early  period  of  foetal  lifa  The  closure  of  the 
ventral  surface  of  the  embryo  begins  in  the  third  or  fourth 
week,  and  the  vitelline  duct  becomes  obliterated  normally  about 
the  sixth  week.  In  this  case,  as  in  others  of  ectopia  vetoes, 
we  have  not  only  to  deal  with  a  failure  of  closure  of  the  bladder, 
but  of  the  whole  body-wall  The  abdominal  muscles  and  the 
pelvic  bones  are  present,  but  fail  to  unite. 

Attention  has  naturally  been  directed  to  the  development  of 
the  allantois  in  the  inquiry  after  an  explanation  of  these  malfor- 
mations. As  usually  described,  the  allantois  arises  as  a  bollov 
diverticulum  from  the  hind^ut,  which  penetrates  a  mesoblastic 
stalk  (Bauchstiel  of  His  (2) ),  which  is  attached  to  the  chorion. 
The  lower  part  of  the  allantois  becomes  the  bladder,  and  into  it 
the  ureters  and  genital  ducts  open.      Ttie  possibility   of   the 
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bladder  being  developed  by  two  laterally  symmetrical  halves 
has  to  be  considered,  for  this  would  explain  the  failure  of  union 
anteriorly.  Evidence  derived  from  the  study  of  the  allantois  in 
early  foetuses  negatives  this  hypothesis.  On  the  other  hand, 
there  are  a  few  instances  of  bifid  bladders.  Three  cases  are 
quoted  by  Koenig  (3).  The  first  is  figured  by  Blasius  (4).  The 
bladder  is  divided  by  a  median  partition  into  two  symmetrical 
halves,  into  each  of  which  a  ureter  opens.  The  two  cavities  fuse 
below.  A  second  instance  is  described  by  Meckel  (5).  Here 
the  bladder  is  prolapsed  in  two  symmetrical  halves.  A  third 
case,  described  by  Scarenzio  as  vesica  tifida,  I  have  been  unable 
to  examine.  There  is  also  a  specimen  described  by  Mackinder  (6) 
which  may  possibly  be  a  duplicate  bladder,  but  which,  I  think, 
is  really  a  bladder  with  a  large  diverticulum.  It  is  to  be  noted 
here,  however,  that  these  cases  are  not  comparable  with  ectopia 
vesicae.    The  failure  of  union  is  at  the  upper  part. 

Bartels  (7)  was  the  first  to  point  out  that  the  fault  may  lie  in 
some  abnormal  condition  of  the  alimentary  canal ;  and  the  speci- 
men now  described,  together  with  the  somewhat  similar  cases 
cited  by  Ahlfeld  (1),  supports  the  view  that  the  vitelline  duct 
might  be  the  obstruction  which  prevents  the  coalescence  of  the 
lateral  halves.  Against  this  view  it  is  only  necessary  to  state 
that  cases  in  which  a  patent  vitelline  duct  coexists  with  ectopia 
are  of  extreme  rarity. 

Ahlfeld  (1)  is  of  the  opinion  that  the  rupture  of  an  over- 
distended  allantois  may  be  the  cause  of  ectopia.  But  this,  while 
accounting  for  the  open  condition  of  the  bladder,  does  not 
explain  the  opening  of  the  vitelline  duct  upon  its  surface,  nor 
do  I  see  how  it  explains  the  fission  of  the  anterior  abdominal 
TKrall  and  pelvis. 

Shattock  (8)  gives  a  far  more  probable  hypothesis.    He  thinks 

tbat  the  primitive  cloacal  invagioation,  the  proctodfieum,  which 

normally  opens  up  the  lower  end  of  the  rectum  and  the  lower 

end  of  the  urogenital  sinus,  by  an  undue  extension  forwards  and 

np^wards,  lays  open  the  anterior  wall  of  the  urogenital  sinus  and 

bladder.    There  would  thus  be  a  complete  fission  of  the  parts  in 

the  middle  line  as  high  as  the  umbilicus.    He  points  out,  with 

Justice,  that  the  minor  degrees  of  this  fissure  cause  epispadias, 

^i^liile  further  extension  produces  epispadias  plvs  ectopia.    Fur- 
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ther,  he  calls  attention  to  the  fact  that  ectopia  is  never  found 
without  epispadiaa  This  hypothesis  accounts  also  for  the 
separation  of  the  pelvic  bones  in  front,  and  of  the  muscles  of  the 
anterior  abdominal  walL 

If,  as  in  the  present  case,  the  vitelline  duct  opens  at  the 
umbilicus,  it  would,  of  necessity,  be  involved  in  this  forward 
extension  of  the  proctodseum. 

One  other  point  of  interest  is  that  the  orifice  of  a  patent 
Meckers  diverticulum  is  often  found  below  the  umbilicus  (9). 

The  exclusion  of  the  rectum  from  the  proctodaeal  invagination 
in  this  case  is  comparable  with  the  well-recognised  variety  of 
"  imperforate  anus,"  in  which  the  rectum  ends  blindly,  and  there 
is  no  anal  dimple.  The  separation  of  the  rectum  from  the  uro- 
genital sinus  has  taken  place  in  the  usual  way,  but  the  anal 
portion  of  the  proctodseum  is  not  separated  off. 

In  conclusion,  I  must  acknowledge  my  indebtedness  to  Dr 
Bulloch,  who  undertook  the  microscopical  examination  of  the 
organs  for  me,  and  to  Mr  H.  Balean  who  has  made  the  drawings. 

The  specimen  will  be  placed  in  the  Museum  of  the  London 
Hospital  Medical  College. 
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SOME  STEUCTUEES  IN  THE  ELBOW-JOINT.  By  Edred. 
M.  Corner,  B.A.,  B.Sc,  Scholar  of  Sidney  College,  Cam- 
bridge.1 

Before  describing  certain  structures  in  the  soft  parts  of  the 
elbow  to  which  I  wish  to  call  attention,  it  is  necessary  to  refer 
very  briefly  to  the  condition  of  the  bones  in  certain  different 
types  of  elbow- joint.  In  the  horse  the  radius  articulates  with 
the  whole  breadth  of  the  humerus,  while  the  ulna  forms  a  small 
back  wall  to  the  joint.  Variations  of  the  horse-type  of  elbow- 
joint  consist  mainly  in  the  amount  of  the  ulnar  projection  below 
the  humerus.  In  the  dog's  elbow  the  radius  does  not  monopolise 
the  whole  of  the  breadth  of  the  distal  articular  surface  of  the 
humerus,  because  a  process  of  the  ulna  has  appeared  on  the 
internal  side  of  the  head  of  the  radius,  which  articulates  with 
the  lower  end  of  the  humerus.  Such  a  joint  is  capable  of  slight 
pronation  and  supination. 

In  the  elbow  of  the  Felidae  pronation  and  supination  can  take 
place  to  some  extent.     The  area  of  articulation  of  the  radius 
with  the  humerus  is  larger  than  that  of  the  ulna  in  about  the 
ratio  of  2 : 1.    The  strain  on  the  idna  will  be  greater  in  digiti- 
grade  animals  than  in  plantigrade  animals ;  hence  it  is  usual  to 
find  more  or  less  complete  fusion  of  the  bones  of  the  forearm  of 
the  former,  while  in  the  latter  the  bones  are  usually  separate. 
The  apparent  exceptions  to  this  general  rule  are  typified  among 
the  Camivora.    In  the  Felidee,  for  example,  a  certain  amount  of 
pronation  and  supination  csm  take  place,  and  for  this  the  radius 
and  ulna  must  be  separate.    A  similar  reason  accounts  for  the 
apparent  exception  shown  by  the  Canidse,  in  whom  the  move- 
ments of  pronation  and  supination  are  very  slight. 

I  have  examined  the  soft  parts  of  two  groups  of  elbow  :  firstly, 
that  of  man,  in  which  pronation  and  supination  is  possible  ;  and 
secondly,  those  of  the  ox  and  sheep,  in  which  such  movements 
Bre  impossible.  The  joints  of  the  cat  and  dog  were  dissected  as 
intermediate  types.  Two  joints  of  each  of  the  last  four  animals 
dissected,  and  ten  joints  of  man.     The  following  descrip- 

1  Gommunicated  to  Anatomical  Society,  February  1896. 
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tions  of  the  joints  of  these  several  animals  deal  only  with  tiie 
special  points  to  which  I  desire  to  direct  attention. 

When  the  elbow  of  the  ox  was  sawn  sagittallj  across  from  the 
back  to  the  front,  rather  internally  to  the  middle  line,  a  strong 
ligament  was  seen  to  project  somewhat  into  the  joint  from  the 
outer  and  posterior  part  of  the  capsule.  On  the  posterior  and 
external  side  of  the  trochlea  there  is  a  sharp  ridge,  external  to 
which  is  a  rough  surface  from  which  the  ligament  arises  appar- 
ently by  two  heads,  the  fibres  of  which  unite.  The  origin  is 
long,  and  is  directed  downwards  towards  the  elbow-joint  Th^ 
ligament  is  inserted  on  the  base  of  a  rough  triangular  surface  on 
the  ulna,  between  the  articular  surface  of  the  olecranon  and  the 
external  articular  surface  which  participates  in  the  elbow- joint. 
The  base  of  this  triangular  surface  is  external. 

Cooper's  ligament  is  present  as  an  exceedingly  strong  band,  con- 
sisting of  about  four  large  bundles  of  fibres.  It  arises  from  the 
internal  side  of  the  olecranon.  The  two  most  external  strands 
are  inserted  into  the  radius ;  the  third,  and  by  far  the  largest, 
into  the  internal  lateral  ligament.  The  last  and  smallest  strand 
is  lost  in  the  capsule  of  the  joint. 

A  strong  ligament  on  the  outside  of  the  joint,  corresponding 
to  Cooper's  ligament  on  the  inside,  arises  from  the  posterior 
border  of  the  external  articular  surface  of  the  ulna,  and  is 
inserted  into  the  external  lateral  ligament.  It  iB  partially 
covered  by  a  tough  fat-holding  membrane. 

On  the  inner  side  of  the  external  lateral  ligament  is  a  long 
semilunar  fold  of  fibrous  tissue,  which  projects  between  the 
outer  parts  of  the  bones  forming  the  humero-radial  joint.  It  is 
more  or  less  continuous  with  the  fibrous  tissue  on  the  external 
ligament  described  above,  but  is  not  fatty. 

The  sheep's  elbow  was  sawn  across  similarly  to  that  of  the  ox. 
The  tendon  of  the  anconeus  was  visible  within  the  joint  in  its 
outer  half,  between  the  external  lateral  ligament  aud  the  liga- 
mentous fold  on  the  postero-external  aspect  of  the  joint.  The 
last  named  ligament  has  a  broad  origin  from  the  outside  of  the 
ridge  external  to  the  trochlea  behind,  and  a  rough  ridge  extend- 
ing downwards  towards  the  external  condyle.  The  filbres  from 
this  wide  origin  (10  to  12  mm.)  approach  each  other,  so  that  the 
ligament  is  narrowest  at  its  middle,  from  which  point  the  fibr^ 
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Beparst«  again  is  another  plane.  Its  posterior  fibres  are  inaerted 
ioto  the  anterior  edge  of  a  rough  surface  on  the  outer  side  of  the 
olecranon ;  and  the  rest  along  a  line  directed  from  this  point 
towards  the  centre  of  the  articular  surface  of  the  olecranon ;  the 
whole  of  the  ineertion  being  15  mm.  long.  The  cause  of  this 
peculiar  shape  of  the  ligament,  and  its  distance  from  the  elbow- 
joint,  is  probably  due  to  the  passage  of  the  anconeus  between 
it  and  the  external  lateral  ligament. 


Fio.  1.— Elbow  of  Sheep. 

Cooper's  ligament  is  represented  by  two  strong  bands  of 
fibrous  tissue  attached  to  the  inner  surface  of  the  olecranon  and 
to  the  internal  lateral  ligament. 

Ilie  external  ligament,  corresponding  to  Cooper's  l^ament,  has 
a  similar  course.  It  is  situated  just  above  the  superior  external 
radio-tUnar  articulation.  There  is  no  line  of  separation  between 
it  and  the  fibres  of  the  superior  external  radio-ulnar  ligament. 
On  the  internal  side  of  the  external  lateral  ligament  is  a  semi- 
lunar fold,  as  in  the  ox. 

In  the  dog's  elbow-joint  a  broad  and  strong  ligament  on  the 
posteroexternal  aspect  of  the  joint  arises  from  the  outer  surface 
of  a  sharp  ridge  on  the  outer  side  of  the  trochlea  for  some 
distance.  It  consists  of  two  parts,  the  anterior  being  the  stronger, 
its  fibres  runuing  a  little  more  obliquely  backwards  than  those 
of  the  posterior  part  It  is  inserted  into  the  outer  aide  of  the 
articular  surface  of  the  olecranon. 

Cooper's  ligament  is  represented  by  a  single  strand,  connecting 
the  olecranon  with  the  internal  lateral  Ugament. 
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The  external  ligament,  correapoading  to  Cooper's  ligament,  is 
represented  by  the  upper  fibres  of  the  superior  external  radio- 
ulnar ligament. 


Fio.  2.— Elbow  of  Dog. 

A  semilunar  fold  is  preseut  on  the  inner  side  of  the  external 
lateral  l^ament,  and  projects  as  a  Up  between  the  radius  and 
humerus. 

The  cat's  elbow  possesses  the  power  of  pronation  and  suidna- 
tion.  The  projecting  fold  on  the  postero-extemal  aspect  of  the 
joint  is  well  developed,  and  arises  from  the  angle  where  the  sharp 
external  trochlear  ridge  joins  the  rough  condylar  ric^.  It  is 
inserted  on  the  posterior  superior  angle  of  the  superior  radial 
facet  on  the  ulna  and  the  edge  of  the  ulna  immediately  above  this. 
A  posterior  portion,  corresponding  to  the  posterior  paxt  of  the 
dc^'s,  is  present,  but  is  less  easily  distii^uished  from  the  capsule. 
Cooper's  ligament  is  thin  and  smalL 
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Fig  8  —Elbow  of  Ckt. 
The  external  lateral  l^ament  corresponding  to  Cooper's  liga- 
ment, is  represented  by  the  superior  fibres  of  the  orbicular 
lament. 
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The  semilunar  fold  on  the  inner  side  of  the  external  lateral 
ligament  is  present  as  in  the  other  quadrupeds. 

On  the  outer  side  of  the  human  trochlear  surface,  and  on  the 
back  of  the  humerus,  is  a  distinct  ridge,  which  divides  into  two 
at  its  lower  end,  a  blunt  ridge  between  the  trochlea  and  eapi- 
tellum  and  s  sharp  ridge  forming  the  posterior  boundary  of  the 
capitellum. 


I  fold, 
lig! 


A  fold  arises  from  the  point  of  bifurcation  of  the  ridge,  which 
runs  downwards  and  forwards  to  be  attached  to  the  blunt 
superior  posterior  angle  of  the  upper  radial  facet  on  the  ulna. 
This  fold  was  present  in  all  the  elbows  esamined,  and  in  one  a 
second  fold  was  present  on  the  inner  side  of  the  main  fold. 

It  is  unnecessary  to  describe  Cooper's  ligament,  since  it  is  in 
the  text-books. 

The  external  transverse  ligament  is  represented,  as  in  the  cat, 
by  the  superior  fibres  of  the  orbicular  ligament. 

A  semilunar  lip  was  present  on  the  inner  side  of  the  external 
lateral  ligament  in  all  the  elbows  examined.  Its  size  was  more 
variable  than  that  of  the  ligament  on  the  poatero^xternal  aspect 
of  the  joint 

Besides  this  semilunar  fold  there  are  other  folds,  some  of  which 
are  not  well  marked. 
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1.  On  the  inner  side  of  the  lower  part  of  the  poetero- 
external  ligament  is  a  fold  extending  between  the  radios  and 
humerus,  in  front  of  \he  ligament  between  the  hnmeruB  and  olna; 
this  Bends  a  proceas  down  into  the  superior  mdio-nlnar  j(dnt, 
the  inferior  fold. 


Fia.  S. — Human  Elbow,  sagittal  tection  throogli  ulna  and  Imiiisnu.     The 
bDn«8  axe  pulled  apart  and  ebow  head  of  radius  in  joiot. 

2.  The  Haveraian  glands  till  the  rough  depressions  on  eitbei 
side  of  the  base  of  the  articular  surface  of  the  olecranon.  The 
iuternal  one  is  connected  with  a  small  semilunar  fold  on  the 
inner  side  of  the  internal  lateral  ligament,  which  projects  slightly 
between  the  ulna  and  the  humerus. 

These  proceBses  are  represented  in  the  joints  of  the  lover 
animals,  but  are  less  well  defined,  and  not  so  fatty. 

The  postero-extemal  fold  cons^ts  of  a  reflection  (rf  syntmal 
membrane  with  some  fibrous  tissue  inside.  Bot^  it  and  the 
transverse  fold  at  its  base  were  present  in  the  sectioQ  of  an 
elbow  of  a  three  months  fcetns,  as  were'also  the  two  folds  homo- 
logoviB  to  the  fibro-cartilages  of  the  knee. 

The  fold  of  the  capsule,  which  I  have  described  as  present  in 
these  types  of  elbow-joint,  in  all  cases,  arises  from  the  extensor 
BUi'face  of  the  humerus.  In  this  particular  it  su^ests  homolc^ 
with  the  crucial  ligaments  of  the  knea  The  latter  are  attached 
to  the  tibia,  the  former  to  the  ulna.  In  the  knee  the  fibula  does 
not  articulate  with  the  femur,  while  in  the  elbow  the  nlna  bxH- 
culatea  with  the  humerus.  Hence  the  humero-^ilnar  joint  has 
no  homologue  in  the  knee.    But  as  the  fibular-honiol<^ue,  tlie 
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ulna,  is  situated  in  front  of  the  joint,  t.e.,  the  extensor  side,  it 
replaces  the  homologue  of  the  tibial  spine  and  crest,  and  so  the 
insertions  of  the  crucial  ligaments  are  shifted  from  the  hypothet- 
ical homologue  of  the  tibial  spine  and  creet  to  the  ulna.  In 
the  ox  the  cracial  fold  is  large.  In  the  sheep  it  is  strong,  but 
is  divorced  from  the  joint,  and  altered  in  its  shape  by  the 
anconeus  passing  between  it  and  the  stronger  external  lateral 
ligament  In  the  dog  the  ligament  is  broad,  its  most  anterior 
fibres  checking  over-extension,  its  most  posterior  fibres  over- 
flexion.  In  this  case,  therefore,  there  is  analogy  as  well  as 
homology  to  the  crucial  ligaments  of  the  knee.  In  the  cat  a 
similar  state  of  things  exists,  but  the  joint  approximates  more  to 
the  human  type,  in  which  the  fold  is  long  and  narrow,  and, 
if  strong  enough,  could  prevent  over-flexion.  It  is  therefore 
analogous  to  the  posterior  crucial  ligament. 

In  the  ox  both  lateral  ligaments  are  inserted  into  the  radius, 
and  we  have  Cooper's  ligament  and  the  exteral  ligament  corre- 
sponding to  it  present  and  well  developed,  binding  the  upper 
portion  of  the  ulna  to  the  radius. 

In  the  sheep's  elbow,  Cooper's  ligament  and  the  external 
ligament  corresponding  to  it  are  fairly  well  developed,  and  the 
latter  has  become  continuous  with  the  fibres  of  the  outer 
ligaments  of  the  superior  radio-ulnar  articulation. 

In  the  dog,  Cooper's  ligament  is  smaller,  and  in  the  cat  it  is 
smaller  still.  In  the  latter  animal,  as  in  man,  there  is  a  well- 
developed  orbicular  ligament,  the  superior  fibres  of  which 
represent  the  external  ligament  corresponding  to  Cooper's 
ligament 

In  all  the  joints  examined  there  was,  on  the  inner  side  of  the 
external  lateral  ligament,  a  semilunar  fold  which  projected 
between  the  humerus  and  the  radius;  this  is  probably  the  homo- 
logue of  the  internal  fibro-cartilt^e  of  the  knee.  A  homologue 
to  the  outer  fibro-cartilage  of  the  knee  exists  in  the  lip  of 
synovial  membrane  on  the  inner  side  of  the  crucial  fold  which 
projects  into  the  humero-radial  joint 

In  some  joints  a  similar  fold  projects  on  the  inner  side  of 
t>he  internal  lateral  ligament    This  is  not  represented  in  the 

leg. 
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The  articular  surfaces  of  the  lower  end  of  the  humerus  are 
developed  from  two  centres  of  ossification,  which  are  very 
imequal  in  sisse.  The  centre  for  the  capitellum  extends  over  the 
blunt  ridge  separating  it  from  the  trochlea  as  far  as  the  bottom  I 
of  the  groove  of  that  surface.  The  trochlear  centre  forms  the 
rest.  In  the  dog  the  head  of  the  radius  corresponds  to  the 
extent  of  the  capitellar  centre  of  ossification. 

This  centre  is  homologous  with  the  lower  end  of  the  femur, 
and  hence  the  origin  of  the  crucial  fold  is  rendered  more  strictljr 
comparable  to  that  of  the  crucial  ligaments. 

I  have  great  pleasure  in  tendering  my  thanks  to  Professor 
Macalister  for  his  kindness  to  me  in  the  prc^ess  of  this 
paper. 


ON  THE  TEMPORAL  FOSSA.  By  Edrkd.  M.  Corner, 
B.A.  (Cantab.),  B.Sc.  (Lond.),  Late  Scholar  of  Sidney 
Sussex  College,  Cambridge.^ 

In  looking  through  a  series  of  sktiUs  it  will  be  noticed  that  the 
relations  of  the  two  temporal  lines  to  the  rest  of  the  skidl  vary 
considerably.      So  I  made  a  series  of  me€tsurements  and  con- 
structed suitable  indices  to  show  these  variations.     One  would 
naturally  expect  these  lines  to  vary  with  the  shape  and  contour 
of  the  skull,  and  especially  with  degrees  of  prognathism, — the 
temporal  muscle  being  of  necessity  more  powerful  when  the 
lower  jaw  is  heavier.     I  have  made  these  measurements  on  100 
human  skulls  of  different  races,  and  in  this  paper  have  tabulated 
the  results.     In  many  skulls  it  is  far  from  easy  to  trace  both 
temporal  lines,  but  with  care  this  may  usually  be  accomplished. 
The  posterior  portion  of  the  superior  temporal  line  is  the  chief 
oflfender  in  this  respect,  and  in  my  tables  I  have  rejected  all  cases 
in  which  the  lines  were  too  indistinct  to  furnish  definite  data. 
The  investigation  has  proved  to  be  more  complex  than  I  had 
anticipated.    There  are  so  many  factors  at  work  that  unexpected 
combinations  are  found  which  make  classification  diflBcult.    For 
example,  while  both  dolichocephaly  and  prognathism  are  accom- 
panied by  an  absolute  lengthening  of  the  temporal  fossa,  it  is 
found  where  these  are  combined  that  the  average  index  of  the 
length  of  the  fossa  for  prognathic  skulls  lies  between  those  of 
mesognathic  and  of  orthognathic  skulls.    This  is  an  apparent 
contradiction,  but  I  believe  that  it  can  be  shown  that  this  is  due 
to  the  fact  that  in  dolichocephalic  skulls  the  length  of  the 
skull  has  proportionally  exceeded  the  lengthening  of  the  fossa 
to  such  an  extent  that  such  skulls  have  lower  indices  than  either 
the  mesaticephalic  or  the  brachycephalic.    The  mesognathous 
skulls  have  higher  indices  than  the  orthognathic  or  the  pro- 
gnathic, which  may  be  due  to  the  fact  that  mesognathic  skulls 
are  generally  of  greater  capacity  than  the  prognathic,  and  in 
tbiB  way  the  indices  have  been  raised. 

At  first  I  calculated  the  length  and  height  of  the  temporcJ 

1  Commanicated  to  Anatomical  Society,  February  1896. 
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lines,  and  the  least  breadth  between  them  in  terms  of  the  lengih, 
height,  and  breadth  respectively  of  the  skull,  but  the  results  I 
obtained  were  not  definite  enough  to  warrant  my  constmcting 
indices.  I  then  adopted  Sir  W.  Flower^s  method  of  comparing 
the  measurements  with  the  basinasal  length ;  this  yielded  the 
results  which  form  the  substance  of  this  paper.  The  only 
published  measurements  I  can  find  are  in  Topinard's  Anthro- 
pologie,  p.  800.  His  indices  are  calculated  to  the  minimum 
frontal  length.  He  cites  two  types  which  I  have  quoted  later, 
one  of  a  New  Caledonian  and  the  other  of  a  Slav.  He  has  only 
used  the  least  breadth  between  the  temporal  lines,  and  not  any 
of  the  other  measurements  of  the  fossa. 

Method. 

The  greatest  length  of  the  temporal  fossa,  the  greatest  height  of  the 
superior  line  above  the  zygoma,  and  the  least  width  between  the 
corresponding  crests  of  the  two  sides  were  the  special  measurements 
I  have  taken.  These  were  measured  with  the  craniometer,  and  the 
greatest  height  was  also  measured  as  an  arc  with  the  tape.  This  last 
measiurement  gives  an  indication  of  the  bulging  of  the  skull  into  the 
temporal  fossa.  The  points  for  the  measurement  of  the  greatest 
length  and  least  breadth  are  obvious.  The  vertical  measurements 
were  taken  from  the  sharp  ridge  on  the  upper  part  of  the  transverse 
root  of  the  zygoma,  above  the  middle  point  of  the  temporo-maxillaiy 
articulation,  to  the  highest  point  of  the  temporal  crests. 

I  first  calculated  these  measurements  to  the  length,  breadth,  and 
basibregmatic  height  of  the  skull  respectively.  The  vertical  temporal 
chord  I  calculated  to  the  vertical  temporal  height.  This  method  of 
stating  results  was  indefinite,  owing  to  the  number  of  factors  compli- 
cating each  index.  The  indices  so  obtained  were  arranged  serially  to 
the  cephalic  and  gnathic  indices.  I  then  calculated  the  proportion 
borne  by  these  measurements  to  the  basinasal  length.  In  this  way  I 
obtained  more  definite  results.  The  indices  I  used  are  defined  as 
follows : — 

Temporal  lensth  x  100  ,        ,  ,  .    , 

— ^,  *-. i-P  -  - . =     long  temporal  mdex. 

basmasal  length 

Temporal  height  x  100  i.»  v  j.  i  •  j  - 

— =>-. -^ = =     high  temporal  mdex. 

basmasal  length 

Bitemporal  breadth  x  100  , ..  i  •  j  „ 

— ,    *:     —^r-. , =     bitemporal  mdex. 

basinasal  length 

Temporal  height  x  100         _     temporo-vertdcal  index. 
Temporal  vertical  chord 

These  indices  I  have  termed  superior  or  inferior  according  to  their 
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reference  to  the  superior  or  inferior  curved  lines.  I  examined  a  series 
of  100  male  skulls  of  various  nationalities,  and  the  measurements  were 
taken  of  the  fossa  of  the  right  side. 

I  have  tabulated  the  results  so  that  the  relation  between  the 
relative  size  of  the  temporal  fossa,  the  shape  of  the  head,  and  develop- 
ment of  the  jaws  may  be  apparent. 

Tablb  I. 
Variations  with  the  Cephalic  Index, 


§5       sS        h        gS       §1       I-        II         M 

<2^        w^         BM         ^^        £^        6M         a*^  Si3 


«•&      fl.       *^-       ^§.      fil      S5       "'-y        ^ 


S*^        5-3         SH         S»=        S^        6M         aS 

•S-s      "-a      !■§      •J-a      K-a      ||       g, 

§•8.      &I      ^-      ^1      bI     S5      y        .. 

Dolichocepliali,  .  124*3  86*9  98*8  109*9  768  108*6  108'8  102*2 
Mesaticephali,  .  126*9  85*7  106*9  112*2  77*8  117*4  104-6  1028 
Brachjcephali,     .     181*3    980    116*2    1167    82*8    128*8    104*8    108*2 

Dolichocepbali,  .  691  66*1  73*4  61*4  60*1  82*0 
Meaaticepbali,  .  68*9  65*9  78*5  62*8  58*9  86*4 
Brachycephali,     .       74*8    65*7      74*9      65*0    62*4      82*0 

The  first  group  of  indices  are  calculated  to  the  basinasal  length. 
The  second  are  obtained  by  means  of  my  first  method.  I  give 
the  latter  to  show  the  negative  value  of  their  results.  They  do 
not  agree  with  what  would  be  expected,  and  show  that  the 
measurements  on  which  they  are  based  vary  too  much  to  obtain 
clear  results. 

In  the  first  table  it  will  be  seen  that  the  brachycephcJi  head 
the  lists  in  the  first  six  indices ;  the  other  two  indices  I  shall 
deal  with  later.  The  dolichocepbali  are  at  the  bottom  of  this 
table.  The  brachycephali  therefore  exceed  both  the  other  classes 
in  the  relative  length  and  height  of  their  temporal  fossae.  And, 
as  we  should  expect,  the  temporal  crests  of  the  two  sides  are 
relatively  further  apart.  These  remarks  apply  to  both  temporal 
lines.  As  regards  the  two  high  temporal  indices,  the  mesati- 
cephaU  and  dolichocepbali  for  practical  purposes  agree.  The 
length  of  the  skull  does  not  seem  to  proportionally  affect  the 
length  of  the  temporal  fossae, — the  dolichocepbali  having 
jrelatively  shorter,  and  the  brachycephali  relatively  longer 
fossae  than  the  mesaticephali.  The  length  affects  the  height 
indices  differently, — the  dolichocepbali  have  lower  and  the 
brachycephali.  relatively  higher  fossae.  From  these  figures  it 
might  at  first  be  thought  that  the  dolichocepbali  have  smaller 
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and  weaker  temporal  muscles,  which  is  not  the  case,  more 
especially  as  prognathism  with  its  heavier  jaw  is  usually 
associated  with  dolichocephaly.  But  it  must  be  remembered 
that  these  results  are  merely  relative,  and  that  although  the 
skull  may  lengthen,  so  will  the  temporal  fossa,  and  the  relative 
lengths  be  little  disturbed.  The  second  table,  in  which  the 
results  are  given  in  ratio  of  the  length,  &c.,  show  that  these 
relative  changes  of  length  to  length  and  so  on  are  not  great 
These  variations  will  be  more  fully  discussed  when  the  gni^thic 
index  is  considered. 

The  two  temporo-vertical  indices,  which  indicate  the  bulging 
of  the  skull  wall  into  the  fossa,  show  no  great  variation  in  the 
three  classes  of  skulL  Hence  this  bulging  seems  to  be  fairly 
constant  in  amount.  One  somewhat  obvious  point  they 
emphasise  is,  that  the  greater  part  of  the  bulging  lies  between 
the  curved  lines.  This  is  seen  by  comparing  the  superior  and 
inferior  indices.  The  latter  are  always  smaller  than  the  former, 
at  least  in  those  cases  in  which  the  two  temporal  crests  are  far 
enough  removed  from  each  other  to  show  an  appreciable  difference 
in  the  indices. 


Table  II. 

Fariations  toith  the  Vertical  Index. 
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.     127-6 

89-1 

112-4 

110-4 

78-5 

125-5 

Tapeinocephali, 
Metriocephali,   . 
Akrocepnali, 

The  indices  in  this  table  were  obtained  by  calculating  the 
measurements  to  the  basinasal  length.  The  100  skulls  that  I  have 
examined  were  selected  to  give  a  fair  number  in  each  of  the 
three  classes  of  the  cephalic  index.  And  the  vertical  indices 
unfortunately  fall  very  largely  into  the  tapeino-  and  metrio- 
cephalic  divisions. 

The  length  of  the  fossa  inclosed  by  the  superior  curved  lines, 
superior  temporal  fossa,  does  not  change  very  much  relatively  to 
the  height  of  the  skull.    The  akrocephalic  skulls  have  the  largest 
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superior  index  in  height,  showing  that  the  temporal  fossa  also 
increases  relatively  in  height.  The  width  between  the  superior 
lines  is  about  the  same  in  the  tapeino-  and  metrio-cephali,  but 
greatest  in  the  akrocephalL  Hence  the  relatively  low  heads 
have  their  temporal  crests  approximated.  This  is  interesting 
morphologically,  as  in  the  anthropoid  apes,  with  very  low  skulls, 
the  temporal  crests  meet  in  the  middle  line  and  form  the  sagittal 
crest, — the  superior  value  of  the  temporal  muscle  over  the  other 
jaw  muscles  being  obvious  in  heavy  and  protruding  jaws.  Hence 
their  prognathism  is  a  very  powerful  factor  in  the  extension  of 
the  temporal  fossa.  The  akrocephali  are  at  the  top  of  the  list 
of  the  inferior  bitemporal  indices,  agreeing  with  what  I  have 
said  as  regards  the  similar  superior  index. 

The  metriocephali  have  relatively  the  longest  and  highest 
fossae,  inclosed  by  the  inferior  temporal  line,  the  inferior 
temporal  fossa.  The  high  and  low  skulls  have  nearly  the  same 
indices.  This  is  not  so  easy  to  explain.  Of  the  100  skulls  only 
14  were  akrocephalic.  Hence  the  indices  for  these  skulls  may 
not  have  been  obtained  from  observations  sufficiently  numerous 
to  eliminate  the  influence  of  gnathism,  shape  of  head,  &c. 

Tablk  III. 
Farialions  with  the  OncUhic  Index. 
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Ortbognatliotis,    125*6  84*6  114*5  112*4  79'2  117*2  108*5  79    grms. 

Mesognathotis,     131*5  91*7  92*8  119*9  86*8  1081  103*8  101*1 

Prognathoas,        127*0  87*3  104*3  114*4  81*0  113*8  103*2  108*5 


Orthognathous,  69*7  67 '4  77*3 
MesognathooB,  71*1  70  0  71*2 
ProgQathiam,         66*9    65*5      75*0 

The  first  table  was  obtained  by  the  basinasal  method,  and  the 
second  by  my  first  method. 

On  first  principles  one  would  expect  to  find  the  temporal 
fossa  varying  directly  with  the  strength  of  the  jaws,  i.e.  weight, 
and  with  prognathism.  Hence  it  is  surprising  to  find  the  indices 
for  prognathic  skulls  falling  between  those  of  ortho-  and  meso- 
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gnathic  skulla  in  the  first  table.    An  explanation  probably  lies 
in  the  correlated  shape  of  the  head.    Siztj-four  per  cent  of  the 
prognathous  skoUs  were  dolichocephalic,  several  markedlj  so. 
As  I  have  shown  under  the  variations  with  the  cephalic  index 
that  the  dolichocephali  are  relatively  smaller  in  all  their  indices, 
it  explains  why  those  of  the  prognathic  skulls  are  very  liketj  to 
be  reduced.     Again,  prognathism    is    usually  combined  \rith 
tapeinocephaly.    Thirty-seven  per  c^it  of  the  prognathic  ekaUB 
I  examined  were  tapeinooephalic,  and  several  were  just  meso- 
cephalic.    Hence  here  is,  as  I  have  shown  when  dealing  wiA 
the  variations  with  the  vertical  index,  another  reason,  and  a 
possibly  less  strong  one,  for  the  like  reduction  of  the  temporal 
indices  of  prognathic  skuUa    The  depressing  influence  of  dolicbo- 
cephaly  is  shown  in  the  figures  I  have  given  in  the  second  table. 
In  the  first  column  the  length  of  the  temporal  fossa  is  expressed 
in  terms  of  the  length  of  the  skull,  and  the  prognathic  index  is 
the  lowest  of  alL     It  holds  a  similar  situation  in  the  second 
column,  where  the  temporal  height  is  expressed  in  terms  of  the 
basibregmatic  height.    Hence  care  must  be  taken  in  order  rightly 
to  interpret  these  indices.     I  have  quoted  the  superior  temporo- 
vertical  index.    This  shows  that  the  skull  wall  bulges  relatively 
equally  into  the  temporal  fossae  in  all  three  classes  of  gnathism. 
I  have  given  the  weights  of  as  many  of  the  lower  jaws  of  the 
skulls  measured  as  were  available. 

Several  of  the  skulls  present  a  simian  approximation  of  the 
temporal  ridges  of  their  two  sides.  In  the  following  table  I  give 
the  indices  of  five  such  skulls,  giving  also  the  absolute  breadth 
measurement  between  the  temporal  crests. 


Tablk  IV. 

£•#* 

1. 

i 

1 

It 

Bltem] 
Length 

Bltem 
Index. 

^1 

S* 

^' 

d 

<j 

<g 

a 

<§ 

a 

1166 

Dalmatian,    . 

80  mm. 

96  mm. 

66-2 

66-1 

1862 

Vancouver,    , 

62  mm. 

77  mm. 

477 

70-6 

1406 

Ancient  Egyptian, 

86  muL 

98  mm. 

76-5 

88-% 

1238 

Syrian-Tablet, 

86  mm. 

102  mm. 

79-8 

94-2 

2141 

Australian  -Victoria, 

74  mm. 

87  mm. 

71-8 

S4-4 

* 

New  Caledonian,   . 

63  mm. 

70  mm. 

• 

Slay,     . 

180  mm. 

1S4  mm. 

*  Topinard's  AiUkropologie,  p.  800. 
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Topinard  gives  these  last  two  examples.  The  New  Caledonian 
represents  the  simian  type,  and  the  Slav  he  gives  as  a  human 
type.  It  will  be  noticed  in  my  figures  that  the  skull  from 
Vancouver's  Island  has  the  smallest  superior  bitemporal  index. 

Two  good  examples,  and  illustrating  the  other  extreme  of 
bitemporal  distance,  are  furnished  by  two  Czech  skulls. 


1152 

Czech,     . 

112  mm. 

119  mm. 

133-3 

140-2 

1155 

Czech,     . 

118  mm. 

137  mm. 

128-2 

148-9 

Table  V. 

1 
1 

• 

1 

■ 

"1 

« 

! 
I| 

i 

CO 

^1 

J 

1 

II 

a 

16 

Aastralian, 

123-9 

84-8 

96-0 

110-5 

76-9 

105-1 

3 

Kaffir, 

133*6 

87-2 

102-0 

114-8 

79-1 

115-0 

2 

Czech — Prag,     . 

.     134-2 

88-6 

130-7 

115-3 

79-9 

144-5 

5 

Austrian, 

.     133-9 

94-1 

115-9 

124-4 

86-3 

127-6 

5 

German,    . 

.     134-9 

96-2 

100-0 

117-3 

87-2 

117-4 

3 

Musaulman, 

124-2 

86-3 

101-5 

111-6 

78-9 

106-5 

7 

Low  caate  Hindoo,     , 

.     127-2 

87-3 

100-3 

119-5 

79-9 

111-1 

8 

Pathan,     . 

.     124-8 

91-5 

103-7 

116-6 

88-6 

113-8 

20 

Ancient  Egyptian,     . 

125-6 

83-7 

111-9 

106-5 

75-8 

126-0 

The  indices  in  the  above  table  are  obtained  by  Flower's  method. 

It  shows  that  the  Australians,  with  their  two  bitemporal  indices, 

approximate  most  to  the  Simian  type.    The  Ancient  Egyptians, 

who  curiously  come  near  to  the  Australians  in  the  other  indices, 

differ  markedly  from  them  in  their  bitemporal  indices.     And, 

again,  the  relative  area  of  origin  of   the  temporal  muscle  is 

relatively    greater    in    the  Australians.      The    superior    long 

temporal  indices  of  the  Kaffirs,  Czechs,  Austrians,  and  Germans 

are  all  between  133-6-134"9.    It  will  be  seen,  however,  that  the 

other  indices  separate  them.    The  Czechs,  as  would  be  expected 

from  their  great  brachycephaly,  separate  themselves  by  their 

large  bitemporal  indices. 

It  will  be  noticed  that  a  marked  difference  exists  in  the  indices 
of  the  three  groups  of  Indians  given  above. 

In  conclusion,  I  may  add  that  the  poststephanic  rise  in  the 
temporal  crest  does  not  seem  to  have  any  correlation  to  the 
condition  of  clinocephalism. 
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Tabls  YI. 
CepKaliA  Index, 


i 

•a 
a 


I 

65 
67 
68 
69 
70 
71 
72 
78 
74 


77 
78 
79 
88 
88 


i 
J- 

128*5 
121-8 
128-8 
182-6 
119-6 
126-1 
184-4 
121-6 
181-0 


128-1 
121-8 
129-0 
117-1 
141-8 


•SI 

'J 
I 

90-7 
79-4 
85-6 
90-2 
85-1 
89-7 
92*2 
88-7 
86-2 


I 


s. 

& 

80-4 

101-4 

89-7 

87-6 

96-7 

91-6 

88-8 

106-6 

102-9 


a  Si 


111-8 
107  0 
118-1 
117-9 
108-5 
114-7 
106-4 
107-9 
102-9 


91-1 
81-0 
95-0 
85-0 
98-8 


100-9 
109-1 
115-0 
109 '1 
128*2 


100-6 
106-5 
120  0 
110-1 
115-2 


77-8 
72-8 
76-4 
61-8 
76-4 
81-4 
82-2 
96-1 
77-1 


80-9 
78-0 
86*0 
80-1 
72-8 


1 

I- 
P 


97-9 
106*4 
99-3 
96-8 
107-1 
107-2 
100-4 
114*1 
112-8 


75 

128-0 

86-5 

108*8 

115-0 

78-4 

117-8 

76 

126-4 

85-5 

107-7 

111-4 

77-4 

116-9 

77 

119-4 

84-1 

101-1 

109-9 

76-4 

115-5 

78 

129-8 

86-7 

102-8 

114-9 

81-1 

114-9 

79 

129-2 
125-2 

85-8 
86-0 

115-4 

110-7 
115-5 

76*0 
79*8 

126-0 

80 

111*9 

121-2 

81 

124  1 

84-6 

120-0 

108-2 

76-2 

126-0 

82 

185-6 

96-4 

108-2 

121-4 

87-5 

116-0 

88 

180-5 

95  0 

106-5 

114-5 

85-8 

120*0 

84 

185-4 

98-2 

112-8 

126-8 

91-0 

126-8 

89 

141-8 

98*5 

128*2 

115-2 

72-0 

148-9 

90 

127-4 

108-6 

188-8 

Tablk  VII. 
Fertical  Index. 

115-6 

87  0 

140-2 

• 

> 

Dp.  Long, 
poral  Index. 

sl 

.  Bitemporal 
Index. 

nf .  Long, 
poral  Index. 

nf.  High 
>oral  Index. 

Bttemporal 
Index. 

"1 

KH  a 

1 

1 

H4  g« 
1 

-a 

68 

112-7 

70-8 

106-8 

100-0 

66-6 

110*8 

67 

180*8 

84-7 

100-1 

107-6 

88-6 

109-0 

68 

128-0 

88-0 

106-0 

118-0 

76-0 

114-0 

69 

180-9 

90-6 

99-4 

115-3 

81-8 

108*8 

70 

121-1 

69*9 

112-8 

107-5 

72-1 

121-1 

71 

126-4  • 
126-6 

87-8 
88-6 

106-0 

111-4 
114-7 

78-2 
80-0 

116-7 

72 

94-6 

107-0 

78 

129-1 

86-8 

128-9 

115-7 

82-0 

120-6 

74 

181-5 

88*6 

99-6 

118-6 

81-8 

108*1 

75 

125-6 

88-8 

100*4 

114-5 

81-8 

111-9 

76 

128-1 

88-7 

109-8 

109-8 

76-4 

124-9 

118-6 
119-0 
189-0 
116-i 
143-9 
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Tablb  YIII. 
GhuUhic  Index, 

i  i         1  i  i 


i         U         ^%         h         1^        S5 

•3^  w^  II  3-a  S-a 

4.S  X.B  Sa  .'B  ^s 


OQ  ?  OQ 


it        il       s.'S        s'l 


I 


80  182-0  86*0  124*0  119*0  74*0  186*0 

83  128-6  88*4  106*7  121*0  80*7  116*3 

89  116-8  81-9  100-8  109*1  74*6  109*9 

90  124*6  85*1  103-7  114*2  78*8  114*6 

91  126-8  90*0  96*5  109*4  82*5  109*4 

92  124-6  82-7  114-1  112*4  76*5  121*8 

93  132*0  87*4  107-5  111*4  78*7  119*3 

94  126-8  86*7  102*6  114*2  88*8  112*9 

95  117-0  80*9  107-2  103-2  71*6  117*7 

96  124*6  84*0  107*4  109*0  86-8  114*0 

97  128*3  88-1  110*9  114*1  78*6  121*6 


98 

129*1 

90*8 

97-0 

128*1 

90*2 

116*6 

99 

127*5 

82*6 

96-4 

111*3 

77-9 

109*3 

100 

130*6 

92*1 

100-0 

112*9 

83-8 

110-6 

101 

189*1 

94*0 

98-7 

127*6 

87-2 

109*6 

102 

•■  • 

99*0 

72-2 

••  • 

96*0 

96*0 

103  126*9  87*9  96*7  112*3  81*0  107*1 

104  127*9  82*7  100*8  112*2  76*6  110*8 
106  129-3  92*0  122*7  117*3  83*2  181*4 
106  126-1  89-0  103-6  110-1  86-6  113-3 
108  118*0  88-0  82*0  107*6  81*4  98-2 
110  112-7  70*8  106-8  100-0  66-6  110-8 
116  161-1  101*0  117*9  141*6  92*1  130*0 


THE  PEOCESSES  OF  THE  OCCIPITAL  AND  MASTOID 
REGIONS  OF  THE  SKULL  By  E.  M.  Corner,  B.A, 
B.Sc,  Scholar  of  Sidney  Sussex  College,  Cambridge.^ 

In  the  text-books  of  anatomy  there  has  existed  some  confusion 
as  regards  certain  processes  on  the  contiguous  areas  of  the  basilar 
regions  of  the  occipital  and  mastoid  bones.     Gray  does  not 
mention  any  processes  paramastoid  and  paroccipitaL     Morris 
says  that  the  jugular  process  may  extend  and  form  a  process 
homologous  to  the  paroccipital  process  of  animal&     Quain  caUs 
the  prolongation  of  the  jugular  process  the  paramastoid  process. 
Macalister  terms  the  jugular  process  and  its  extension,  para- 
mastoid or  paroccipitaL     Testut  describes  the  jugular  process 
as  small  in  man  and  larger  in  many  mammals,  especially  in  the 
sloths  and  herbivora.     He  co-related  with  this  large  jv^ulat 
process  the  absence  of  the  mastoid  process  in  these  mammals. 
He  describes  it  as  sometimes  articulating  with  the  transverse 
process  of  the  atlas.    And  then  he  considers  it  as  homologous 
with  the  paramastoid  process  of  animals.    He  derives  the  name 
*  paramastoid '  from  the  relation  between  it  and  the  mastoid  pro- 
cess.   Thus  it  will  be  seen  there  exists  considerable  confusion 
as  to  the  names  applied  to  processes  between  the  jugular  and 
the  mastoid  in  the  animal  series. 

In  all  the  text-books  the  existence  of  a  process  of  the  temporal 
bone  on  the  inner  side  of  the  digastric  groove  is  overlooked, 
although  the  existence  at  this  spot  of  a  definite  ridge  or  process 
is  of  nearly  constant  occurrence.     Out  of  304  mastoid  processes 
examined  by  me,  it  was  absent  in  only  7  per  cent.    A  similai 
crest,  ridge,  or  process  was  present  on  the  temporal  boues  of  20 
monkeys  (8  Simiadse,  6  Cebidse,  6   Cercopithecidae),  and  in  S 
Lemurs'  skulls.     In  consideration  of  the  constant  presence  of 
this  process,  and  to  remove  the  confusion  of  names,  I  propose 
that  the  name  *  paroccipital '  should  be  confined  to  the  downward 
expansions  of  the  occipital  bone,  and  that  the  name '  paramastoid' 
should  be  applied  to  the  process  at  the  inner  lip  of  the  digastric 
groove. 

^  Communicated  to  the  Anatomical  Society,  February  18M. 
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I  have  examined  this  region  in  152  skulls  of  various  races, 
and  find  that  the  paramastoid  process  was  distinct  in  93  per 
cent.  In  4  skulls  it  was  posteriorly  continuous  with  the  mas- 
toid process.  As  a  rule,  these  processes  are  symmetrical ;  but 
when  there  is  a  want  of  lateral  symmetry,  it  is  commoner  in  the 
paramastoid  than  in  the  paroccipitals. 

The  paramastoid  exists  in  four  conditions : — (1)  as  a  broken 
irregular  line  scarcely  raised  above  the  surface ;  this  is  occasion- 
ally found  in  females ;  (2)  as  a  short  rough  ridge,  not  extending 
as  far  as  the  back  of  the  stylomastoid  foramen^;  (3)  as  a  long 
ridge,  rough  or  sharp,  extending  nearly  to  the  stylomastoid 
foramen ;  (4)  as  a  bullate  distended  ridge,  into  which  air-cells 
extend.  This  ridge  is  flanked  on  its  inner  side  by  the  groove 
for  the  occipital  artery,  internal  to  which  there  is  often  a  ridge 
along  the  occipitomastoid  suture,  which  defines  the  inner  edge 
of  this  vascular  sulcus.  In  a  few  cases  this  ridge  was  fairly 
sharp  and  distinct. 

To  the  paramastoid  process  is  attached,  on  its  outer  side,  the 
inner  border  of  the  posterior  belly  of  the  digastric ;  and  to  the 
crest  of  the  ridge  the  intermuscular  septum,  which  underUes  the 
digastric,  is  firmly  rooted. 

There  is  no  necessary  relation  between  size  of  paramastoid  and 
size  of  mastoid,  nor  betweefi  size  of  mastoid  and  that  of  par- 
occipitaL  This,  Hyrtl  has  pointed  out ;  and  my  observations  are 
in  accord,  and  do  not  confirm  Testut's  statement  that  the  par- 
occipital  and  mastoid  are  reciprocally  related. 

Not  only  is  this  ridge  constant  on  the  human  skull,  but  it 
likewise  exists  in  those  of  monkeys.  I  have  found  it  very  large 
in  the  orang,  as  also  occasionally  in  the  paroccipital  process. 
Both  paroccipital  and  paramastoid  exist  in  Cercopithecus  and 
Cebidae. 

Three  skulls  of  lemurs  were  examined.  In  all  three  the  two 
processes  existed  on  a  ridge,  as  in  the  three  Cebidse  mentioned 
above.  In  Indris  hremcavdatus  and  FropitJiectis  diadema  the 
tfominit  of  the  ridge  was  situated  at  the  paroccipital  region. 
In  CheiTomys  inadagascariensis  the  culminating  point  of  the 
ridge  was  situated  about  half-way  between  the  paramastoid  and 
paroccipital  regions.  Thus  it  will  be  seen  that  the  skulls  of  the 
three  Cebidse  mentioned  above  and  of  the  lemurs  form  a  series. 
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There  is  a  ridge  common  to  both  paramastoid  and  parocdpital 
processeB.    Either  or  both  processes  may  be  developed,  or  a 
probably  conjoint  process  may  be  formed  at  the  middle  of  the 
ridge,  as  in  Cheiromys  madagascariensis.    From  this  it  would 
appear  that  there  is  no  fmidamental  difference  between  the  two 
processes  as  far  as  they  give  attachment  to  muscles  and  &i8cia) 
and  that  they  originally  were  one  ridge  of  attachment  continuous 
from  one  bone  to  the  other.    This  conjoined  process  maybe 
called  either  paramastoid  or  paroccipital,  according  as  its  largest 
part  is  mastoid  or  occipital     It  is  the  parent  process  in  lower 
animals  of  the  two  distinct  processes  in  man  and  monkeys, 
the  condition  found  in  the  skulls  of  the  lemurs  being  inter- 
mediate. 

A  somewhat  interesting  proof  of  this  assumption  is  to  be  found 
in  the  attachment  of  the  origin  of  the  digastric  muscle  to  this 
paroccipital  process  in  the  horse.  Hence  the  inner  lip  of  the 
origin  of  the  digastric  muscle,  which  in  man  is  attached  to  the 
paramastoid  process,  has  moved  inwards  and  become  attached  to 
the  paroccipital  process. 

Among    the  Gamivora  in  the  Felidse,  Gadow,  in  Flowei^s 
Osteology  of  Mammalia,  p.  121,  says,  The  "  paroccipital  process  is 
flattened  over  the  back  of  the  bulla,  being  closely  applied  to  the 
whole  of  its  rounded  hinder  end,  and  projecting,  as  a  ioug(i 
tubercle,  slightly  beyond  it"     In  the  skull  of  Fdis  pardalu 
there  exist  two  processes,  projecting  over  back  of  the  buQa 
from  this   'paroccipital'  proces&      The  process  between  the 
mastoid  process  and  the  most  internal  of  the  two  processes 
of  the   '  paroccipital '  mass  is  probably  the  paramastoid  pro- 
cess, the  most  internal  process  being  the  paroccipital  process. 
A  similar  but  less  marked  was  seen  in  the  skull  of  Arctidis 
binturong. 

Among  the  Edentata,  in  two  skulls  of  Chcloepus  didactylus  then 
existed  a  small  but  definite  process  on  the  outer  side  of  the 
paroccipital  process.  A  similar  process  existed  on  the  skull  ot 
Bradypus  tridactylvs.  It  is  not  possible  to  determine  whether 
these  are  truly  paramastoid  processes,  not  only  on  account  d 
the  synostosed  state  of  the  skull,  but  also  because  the  origin  of 
the  digastric  muscle  has  as  yet  not  been  described  in  these  types 
in  terms  of  these  processea 
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Paramastoid  avd  Parocdpital  Processes,  classified  according  to 

fhevr  state  of  devdopmerU, 


Paramastoid  process, 

processes 

Short  rough  ridge, 63 

Long  rough  ridge, 82 


No.  of  process  in  162  a^««^^  «-• 
skulfi,  i...  804       ^PP^'- 


Bounded  ridge, 

Flattened,  wide,  rounded  ridge, 

Lonff  sharp  ridge,    • 

Small,  „        „        .        .        . 

Irregular  rough  ridge. 

Serrated, 

As  a  spine  or  tubercle, 

Bullate  partly  fused  with  mastoid,   . 

Obsolete  or  iU-defined, 21 


68 

84 

24 

4 

9 

4 

6 

18 


Parocdpital  process. 

Bough,  but  fairly  uniform  on  sur&ce. 
Smooth,  „  ,, 

Spinose, 

Tuberous, 

Articulating  with  the  atlas, 


No.  of  processes 

in  149  skulls 

68 

11 

8 

210 

1 


18 

27 

19 

11 

7 

1 

8 

1 

2 

4 

7 


Approz.  per- 
centage. 
28 
4 
8 
70 
! 


In  one  respect  the  paroccipital  process  was  often  variable, 
namely,  in  the  extent  to  which  the  sharp  ridge  which  forms  the 
hinder  bomidary  of  the  jugular  foramen  projected.  As  this 
ridge  has  rooted  into  it,  the  hinder  wall  of  the  sheath  of  the 
vessel's  ossification  often  extends  iQto  the  fibrous  tissue  in  old 
subjects,  giving  to  this  ridge  a  trenchant  edge. 


THE  ASTRAGALO-CALCANEO-NAVICULAR  JOINT.  By 
E.  Barclay  Smith,  M.D.,  Demonstrator  of  Anatomy  in  the 
University  of  Cambridge} 

The  text-book  descriptions  of  the  joints  and  their  connecting 
ligaments  are  perhaps  more  divergent  than  those  of  any  other 
system  in  the  body :  this  statement  especially  holds  good  with 
regard  to  the  tarsal  joints.  In  the  case  of  the  joint  which  forms 
the  subject  of  this  paper,  the  plan  usually  adopted  is  to  describe 
the  articular  surfaces  between  the  individual  bones,  to  classify 
the  ligaments  accordingly,  and  only  incidentally  to  notice  that 
this,  the  most  important  of  all  the  tarsal  joints,  is  one  in  whose 
conformation  three  bones  each  take  a  share.  This  method  un- 
doubtedly leads  to  considerable  confusion  and  often,  to  my  own 
knowledge,  induces  misconception  in  the  mind  of  the  student 

Of  all  the  diarthrodial  joints  the  enarthrosis  must  be  r^arded 
as  most  closely  approaching  the  ideal,  on  account  of  the  exten- 
sive range  and  infinite  variety  of  movement  which  such  an 
arrangement  allows.  Specialisation  in  the  direction  of  the 
resulting  movement,  however,  is  in  most  cases  the  important  end 
which  has  to  be  provided  for  by  the  moulding  of  the  articular 
surfaces,  and  consequently  enarthroses  are  of  rare  occurrence  in 
the  body,  the  hip- joint  being  the  most  suggestive  exampla 

If  all  the  ligaments  attached  to  the  astragalus  are  severed, 
and  the  head  of  this  bone  removed  from  its  socket,  leaving  the 
OS  calcis  and  navicularis  in  situ,  the  resemblance  the  astragalo- 
calcaneo-navicular  joint  presents  to  the  hip-joint  is  most  strik- 
ing. 

(a)  In  both  cases  a  rounded  head  is  received  into  a  deep  and 
extensive  socket. 

(6)  In  both,  the  articular  surface  of  the  socket  is  to  a  lai^ 
extent  cartilage-clad  bone,  but  not  entirely,  the  continuity  of 
the  bony  surface  being  interrupted  by  other  structure& 

The  acetabulum  is  clothed  to  a  considerable  extent  by 
the  thin  expansion  of  the  ligamentum  teres  covering  the 

1  Communicated  to  the  Anatomical  Society,  February  1896. 
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fat  lodged  in  the  fovea  acetabuli  and  attached  to  the  edges 
of  that  depression.    The  bony  contributions  to  the  socket 
of  the  astragalo-calcaneo-navicnlar  joint  are  supplemented 
by  the  calcaneo-navicular  Iigament& 
(c)  In  both,  in  no  position  of  the  joint  is  the  cartilage-clad 
surface  of  the  rounded  head  wholly  contained  within  the  socket. 
In  dried  specimens  of  the  tarsus  the  bones  are  usually 
fastened  together  in  such  a  way  that  the  upper  edges  of  the 
astragalus  and  navicularis  are  made  to  coincide,  a  condition 
which  never  actually  occurs  during  Ufe.    A  variable  extent 
of  the  articular  surface  of  the  head  of  the  astragalus,  even 
in  the  position  of  forcible  flexion  of  the  ankle  and  abduction 
of  the  foot,  is  always  above  the  level  of  the  upper  edge  of 
the  navicularis ;  consequently,  a  certain  area  of  this  surface 
is  never  in  contact  with  the  articular  surface  of  the  socket, 
but  is  always  opposed  to  the  surrounding  capsule. 
The  more  important  differences  between  the  two  joints,  as  far 
as  their  anatomical  features  are  concerned,  are  as  follows : — 

In  the  tarsal  joint  the  osseous  surface  of  the  socket  is  discon- 
tinuous (being  formed  partly  by  the  os  calcis,  partly  by  the 
navicularis),  and  consists  of   two  parts,  capable  of  a  certain 
though  small  amount  of  mutual  displacement,  leading  to  varia- 
tions in  the  shape  and  extent  of  the  socket :  in  the  hip-joint,  on 
the  other  hand,  there  is  no  such  discontinuity,  and  the  shape 
and  extent  of  the  socket,  as  far  as  the  osseous  surface  is  con- 
cerned, is  invariable.    This  distinction,  however,  is  more  apparent 
than  real,  as  both  the  capacity  and  shape  of  the  articular  cup  of 
the  acetabulum  must  certainly  be  subject  to  variation  according 
to  the  position  and  degree  of  tension  of  the  ligamentum  teres, 
the  tension  of  this  ligament  influencing,  as  I  shall  presently 
show,  the  amount  of  fat  lodged  in  the  fovea  acetabuli     The 
articular  head  of  the  astragalus  more  nearly  approaches  an  ellip- 
soid than  a  spheroid,  and  its  receptive  socket  is  of  a  corresponding 
shape.    The  astragalo-calcaneo-navicular  joint  therefore,  though 
resembling  the  hip-joint  in  the  depth  and  extent  of  the  receptive 
socket,  must,  from  the  shapes  of  the  articular  surfaces,  be  placed 
Among  the  condylarthroses. 

I  beg  to  call  special  attention  to  the  foregoing  comparison 
between  the  astragalo-calcaneo-navicular  and  hip  joints,  as  there 
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are  certain  features  in  articular  mechanism  common  to  the  two, 
but  to  these  I  shall  refer  later,  and  will  first  consider  the 
question,  whether  it  is  possible  to  formulate  some  definite  plan 
on  which  the  description  of  the  ligaments  connecting  the 
astralagus,  os  calcis,  and  navicularis  msj  be  based,  instead  of 
burdening  the  memory  with  a  long  list  of  differently  named 
ligaments,  between  which  there  is  no  apparent  relationship. 

In  dissecting  the  ligaments  about  a  joint,  in  order  to  determine 
their  disposition,  it  is  important  to  do  so  from  every  aspect,  and 
not  only  to  examine  them  superficially,  but  also,  when  possible, 
to  investigate  the  surface  they  present  to   the   joint-cavity. 
Dissection  is  trammelled  by  the  canon  of  description  to  a  mncb 
greater  extent  than  one  is  aware.    The  anatomist  is  apt  to  too 
blindly  follow  the  accepted  description  and  methods  of  dissec- 
tion,  and  thereby,  often  unconsciously,  to  fashion  the  structoie 
dissected  to  the  mould  of  the  description.    This,  on  the  face  of 
it,  is  unscientific.    The  himian  frame  is  to  a  large  extent  but  day 
in  the  dissector's  hands — clay  from  which  many  an  artificially 
isolated  product  can  be  modelled ;  and  of  all  structures  in  the 
body,  the  ligaments  are  the  most  plastic  in  this  respect 

In  all  diarthrodial  joints  the  primitive  disposition  of  the  con- 
necting ligaments  is  one  of  a  simple  capsule,  the  fibres  of  which 
connect  the  edges  of  the  articular  surfaces  in  a  cylindiical 
fashion,  and  tend  to  pass  in  as  direct  a  manner  as  possible  from 
one  bone  to  the  other. 

The  ligaments  of  the  astragalo-calcaneo-navicular  joint  may 
be  described  under  two  categories :  on  the  one  hand,  the  liga- 
ments which  maintain  the  integrity  of  the  socket  by  connectiDg 
the  bony  elements  together,  and  completing  the  socket  whoe 
these  elements  are  deficient ;  on  the  other  hand,  the  ligamentB 
which  retain  the  rounded  head  of  the  astragalus  within  the 
socket,  being  attached  on  the  one  side  to  the  neck  of  that  bone, 
on  the  other  to  the  margin  of  the  socket,  these  bands  constitat- 
ing  the  investing  capsule.    As  the  socket  ia  this  joint  is  formed 
partly  by  the  os  calcis,  partly  by  the  navicularis,  the  former 
includes  all  the  bands  connecting  these  two  bones  together. 
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A.  The  Ligaments  coMPLETma  the  Socket,  i.e,,  the 
Calcaneo-naviculab  Ligaments. 

The  usual  text-book  description  distinguishes  two  such  liga< 
ments :  the  inferior  or  internal,  and  the  superior  or  external, 
respectively.  This  arrangement  is  to  a  certain  extent  artificial, 
and  the  names  do  not  at  all  express  the  value  of  the  bands 
which  they  are  intended  to  designate.  A  superficial  examina- 
tion would,  I  own,  lead  one  to  be  satisfied  with  these  terms,  but 
to  fully  appreciate  the  calcaneo-navicular  bands,  the  removal  of 
the  cuboid  on  the  outer  aspect  of  the  joint  must  be  effected,  and 
this  reveals  the  fact  that  they  form  a  more  or  less  continuous 
ligamentous  stratum,  which  occupies  no  less  than  four  aspects  of 
the  joint — external,  inferior  or  plantar,  internal,  and  superior  or 
dorsal  (partially),  respectively. 

This  ligamentous  stratum  may,  for  the  purposes  of  description, 
be  divided  into  three  parts.  The  division  is  to  a  certain  extent 
a  natural  one,  as  the  arrangement,  extent,  and  disposition  of  the 
fibres  of  the  three  parts  present  certain  important  differences. 
The  three  parts  may  be  termed  inferior,  external,  and  supero- 
intemaL 

1.  The  Inferior  Caicaneo-namcular  Idgament. 

On  the  inferior  aspect  of  the  os  calcis,  between  the  sustenta- 
culum tali  and  the  cuboidal  facet,  there  is  a  short  and  usually 
well-marked  groove,  continuous  by  the  medium  of  a  notch  with 
the  interval  which  occasionally  interrupts  the  continuity  of  the 
anterior  of  the  two  articular  facets  for  the  astragalus  on  the 
upper  aspect  of  the  bone.  This  groove  lodges  and  gives  attach- 
ment to  a  thick  bundle  of  fibres,  which,  passing  forwards  and 
spreading  out  in  a  fan-shaped  manner,  is  attached  to  the  inferior 
aspect  of  the  navicularis.  This  triangular  band  exhibits  a 
remarkable  fasciculation  (fig.  1),  the  diverging  bundles  of  which 
it  is  composed  being  separated  by  intervals.  The  most  external 
bundle  of  this  band  is  the  longest  and  strongest,  and  is  attached 
to  a  well-marked  tubercle  on  the  navicularis.^ 

^  This  tabercle  is  a  very  constant  feature  on  the  bone,  and  sometimes  reaches 
a  very  considerable  size,  a  nayicnlar  bone  in  the  Anatomical  Museum  at  Cam- 
bridge being  furnished  in  this  situation  with  a  projecting  process  which  is  even 
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The  disaectioii  required  to  expose  this  ligament  is  a  eomenbat 
deep  one,  as  it  lies  to  a  certain  extent  under  cover  of  the  Bhort 
plantar  ligament,  and  is  covered  bj  a  comparatively  thick  layer  of 
tat,  from  which  processes  protrode  through  the  afore-menljoDed 
ligamentous  intervals  into  the  articular  cavity.     If  the  upper 


Fio.  1. — The  Mtrigslo-calMiaeo-naTicnlftr  joint  Tiewed  from  below,  showiDg  lb* 
three  parts  of  tlie  calcaneo-naTiculu  tigameDt. 

(articular)  aspect  of  this  l^ameut  is  examined,  it  presents,  in  the 
undisturbed  state,  a  somewhat  peculiar  appearance,  this  surface 
being  covered  by  loose  fringes  of  synovial  membrane  enveloping 
pellets  of  fat.  A  little  dissection  is  necessary  to  expose  &* 
radiating  fasciculations  of  the  ligament,  and  it  can  then  be 
readily  appreciated  that  these  fatty  masses  are  directly  cod- 
tiuuous  with  the  extra-articular  fat  through  its  intervals. 

The  interpretation  of  the  arrangement  of  the  fibres  of  ths 
ligament  is  obvious.  The  strong  thick  bundles  point  to  the 
fact  that  this  ligament  is  subject  to  considerable  tension,  while 
the  fasciculatious  indicate  that  this  tension  is  not  always  equally 

more  prominent  thno  the  internttl  navicaUr  tubercle,  the  well-knomi  pnxMi 
giving  attachment  to  the  tibialis  poeticus.  Ab  this  process  receives  no  mentiin 
in-the  tezt-bookB,  1  propose  to  call  it  the  ir^fvriar  navicular  tubercle. 
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felt  by  the  ligament  as  a  whole,  but  that  different  parts  of  it 
are  subject  to  strains  of  varying  intensity  at  the  same  time. 
The  significance  of  the  peculiar  fatty  relations  of  the  ligament 
will  be  considered  later. 

2.  The  Uxtenml  Calcaneo-^iavicular  Ligament. 

The  fibres  of  this  ligament  spring  from  the  narrow  rough 
surface  on  the  os  calcis  separating  the  cuboidal  from  the  anterior 
astragalar  facet,  this  surface  widening  when  traced  outwards  on 
to  the  upper  surface  of  the  bone,  to  which  some  of  the  fibres  are 
also  attached  The  lowest  fibres  are  very  short,  disposed  in 
parallel  fasciculations,  with  relatively  wide  intervals  between 
them  (figs.  1  and  2);  they  are  separated  by  a  fat-containing 
interval  from  the  most  external  band  of  the  inferior  calcaneo- 
navicular ligament.  The  upper  and  more  superficial  fibres  are 
longer  and  stronger,  and  do  not,  as  a  rule,  exhibit  fasciculation ; 
they  form  the  greater  part  of  the  band,  which  can  be  exposed  by 
a  superficial  dissection  in  the  sinus  tarsi  A  large  extent  of  this 
ligament  is  deeply  hidden  in  the  interval  between  the  astragalo- 
navicular  and  calcaneo-cuboid  joints.  Though  I  have  termed 
this  ligament  external,  yet  the  fibres  are  disposed  in  a  somewhat 
oblique  plane,  the  superficial  aspect  of  the  ligament  being 
directed  downwards  and  outwards. 

3.  The  SuperO'ViUemal  Calcaneo-navicular  lAgaraent, 

This  ligament  is  inseparable  from  the  inner  fibres  of  the 
inferior  calcaneo-navicular  ligament,  and  consists  of  a  quadri- 
lateral band  attached  to  the  whole  length  of  the  rough  border  of 
the  sustentaculum  taU.  The  fibres  of  this  band  have  a  skew  dis- 
position :  twisting  upon  itself,  the  band  winds  round  that  part  of 
the  head  of  the  astragalus  which  occupies  the  interval  between  the 
sustentaculum  tali  and  the  navicularis,  being  finally  implanted, 
partially  on  the  inner  aspect  (tubercle),  but  mainly  on  the  dorsal 
aspect  of  the  navicularis.  The  superficial  aspect  of  this  ligament 
is  somewhat  difficult  to  investigate,  (1)  owing  to  the  close  adher- 
ence of  a  thick  fascial  stratum,  in  which  the  tendon  of  the  tibialis 
posticus  is  embedded ;  (2)  owing  to  its  intimate  connection  with 
1>lie  internal  lateral  ligament  of  the  ankle. 
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Aa  Uie  tendon  of  the  tibialis  poaticns  crossea  the  Innei'  aspect 
of  the  BUpero-intemal  calcaneo-uaricular  ligament,  it  travergeg  & 
thick  fascial  stratum,  the  tiseue  of  which  has  become  condensed 
to  form  the  walls  of  a  canal  transmitting  the  tendon,  the  floor  of 
the  canal  being  thickened  by  a  depositiou  of  cartilage  It  reqoiiea 
great  care  to  dissect  away  this  fascial  stratum,  and  to  remove  the 
deposited  cartih^,  in  order  to  expose  the  proper  calcaneo- 


Fio.  S. — The  wcket  of  tha  Mtragalo-calcineo.naricnlir  joint  viewed  from  linm. 
Some  of  the  longer  and  mora  Boperficial  bands  of  tlie  external  calcanaa-ntTJ- 
eolar  ligament  have  been  removed.  In  tlie  notch  between  the  anteriK 
astragalai  facets  on  the  oi  calcis  u  seen  th«  rounded  inter-articnlai  ligament, 
which  haa  been  eat  in  order  to  remove  the  astrsgaliu.  To  the  outer  sidi  oT 
this  band.  Si  it  spreads  oat  in  the  ligatneutons  Soor  of  the  socket,  ue  thi 
STDOvial  fringes  covering  pellets  of  fat 

navioolar  fibres.  When  the  supero-intemal  calcaneo-navicular 
ligament  is  exposed  in  this  way,  it  is  found  to  conmt  of  closely 
^^regated  parallel  fibres,  disposed  in  a  continuoua  non-fasiu- 
culated  sheet,  having  a  well-defined  upper  edge  in  dose  relation 
to  the  astragalo-navicular  ligament 

The  anterior  fibres  of  the  internal  lateral  lament  of  tiie 
ankle  are  usually  described  as  being  attached  to  the  calcaneo- 
navicular ligament,  but  the  mutual  relationship  between  the 
fibres  of  the  two  ligaments  is  that  of  ao  interlacement. 
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The  Internal  Lateral  TAgaTMxd  of  the  Ankle-Joint. — The  eaperficial 
disBection  of  this  ligament  piesenta  the  Bame  difficulties  ae  that  of  the 
calcaneo-navicalar,  owing  to  the  cloee  adherence  of  a  fascial  atratum 
which  constitutes  the  shaatha  ^fibrous)  of  the  flexor  tendons — as  they 
wind  found  the  inner  ankle  into  the  foot,  and  the  superficial  layer  of 
which  is  known  as  the  internal  annular  hgament.  Posteriorly,  however, 
the  distinction  between  the  fibres  of  the  ligament  and  this  fascia  may 
be  f aiily  easily  made ;  and  in  ordet  to  expose  the  fonnei,  the  fasdal 
sheet  with  the  embedded  tendons  should  be  carefully  dissected  off 
from  behind  forwards.  When  the  ligament  is  dissected  out  according 
to  this  method,  it  is  obvious  that  the  term '  deltoid '  ie  a  misleading  one. 
The  internal  lateral  ligament  corndsts  of  a  quadrilateral  mass  of 
vertical,  coarsely  fasciculated  fibres,  descending  from  the  tibia  to  be 
attached  posteriorly  to  the  astragalus,  anterioriy  to  the  sustentaculum 
tali.  It  is  true  that  the  anterior  part  of  this  ligament  is  strengthened 
by  adherent  fascia,  the  forward  continuation  of  which  fills  up  the 
angular  interval  between  the  anterior  edge  of  the  internal  lateral 
li^ment  and  the  apper  edge  of  the  Bupero-intenial  caloaneo-naviculaz 


FlO.  S-— The  inner  aspect  of  the  anUe  and  astragalo-calcaDeo-naTiciilar  joints, 
ahoiriiig  the  triaQgalat  area  of  interlacement  of  the  fibres  of  the  internal 
lAteral  and  snpero-1nt«mal  caleaneo-navicnLu'  UgamentB  above  the  snaten- 
tscnlDiD  talL 

ligament  (fig.  3),  and  that  this  fascia  with  the  ligament  may  be 
fashioned  Lato  a  deltoid  arrangement  stretching  forwards  as  far  as 
the  tubeiculum  navictilaris.^  I  think,  however,  that  this  adherent 
fasciA,  dense  though  it  is,  should  be  distinguished  from  the  true 
ii^iiientous  fibres  which  pass  directly  into  the  bone.  The  connection 
betireen  the  fascia  and  the  ligament  is  obviously  a  secondary  one,  and 
^  Senle  dutingnichea  the  anterior  part  of  this  sheet  as  a  separable  tihio- 
nKvicnlw  ligament 
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the  f  onner  must  be  regarded  in  the  light  of  an  accessory  or  supple- 
menting structure.  With  this  reservation,  the  true  ligamentous  fibres 
of  the  internal  lateral  ligament  are  limited  anteriorly  to  the  susten- 
taculum tali,^  and,  remarkably  enough,  are  attached  to  the  same  extent 
of  bone  as  the  fibres  of  the  supero-intemal  calcaneo-navicular  ligament  j 
In  order  to  achieve  this  end,  and  as  a  kind  of  compromise  between  two 
ligaments,  both  of  which  seek  attachment  to  the  same  bony  surface, 
the  vertical  fibres  of  the  internal  lateral  ligament  interlace  with  the 
upward  and  forward  passing  fibres  of  the  calcaneo-navicular  ligament 
The  interlacement  of  the  two  sets  of  fibres  may  be  proved  by  dissecting 
and  cleaning  the  fibres  of  the  calcaneo-navicular  ligament  at  tihe 
expense  of  those  of  the  internal  lateral  ligament,  or,  conversely. 
Without  making  such  an  arduous  and  destructive  dissection,  the  int^- 
lacement  becomes  sufficiently  obvious  when  forcible  traction  is  brought 
to  bear  on  the  two  Ugaments  alternately. 

There  is  consequently  above  the  sustentaculum  tali  a  triangular 
area  where  the  supero-internal  calcaneo-navicular  ligament  ^ 
especially  thick  and  strong,  as  in  this  situation  its  fibres  are 
interwoven  with  those  of  the  internal  lateral  ligament  oi  the 
ankle  (fig.  3).  On  examining  the  outer  (articular)  aspect  of  this 
ligament,  it  presents  a  smooth,  even  appearance  where  it  is  in 
contact  with  the  inner  aspect  of  the  head  of  the  astragalus, 
owing  to  the  thick  deposition  of  cartilage  in  this  situation.  This 
condition  is  undoubtedly  due  to  the  inwardly  directed  pressure 
so  constantly  exerted  on  this  part  of  the  ligament  by  the  head 
of  the  astragalus. 

Henle  describes  three  ligaments  connecting  the  os  calcis  and 
navicularis,  but  the  descriptions  of  the  three  bauds  are  placed 
widely  apart  in  his  text-book.  He  describes  a  common  tibio- 
calcaneo-navicular  ligament  (which  includes  the  supero-internal 
calcaneo-navicular  ligament  as  described  above),  a  lig.  calcaneo- 
naviculare-plantare,  and  a  lig.  calcaneo-naviculare  dorsale,  whkii 
can  be  exposed  by  a  superficial  dissection  in  the  sinus  tarsi  My 
thanks  are  due  to  Professor  Thane  for  having  called  my  atten- 
tion to  articles  by  Arbuthnot  Lane  (pwjfs  Hospital  RepofU, 
1887,  p.  254,  and  the  Journal  of  Anaiomy,  voL  xxii  p.  408),  in 
which  he  distinguishes  in  the  same  way  as  I  have  done  between 
an  inferior  and  superior  internal  calcaneo-scaphoid  ligament,  and 
points  out  that  the  latter  ligament  is  thickened  to  resist,  with 

^  There  is  deep  stratum  of  the  internal  lateral  ligament  attached  excliisxvdy 
to  the  astragalus,  and  the  shorter  fibres  of  which  are  exposed  boUi  in  front  ^ 
and  behind  the  longer  and  more  superficial  fibres  (fig.  8). 
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the  tendon  of  the  tibialis  posticus,  a  tendency  to  an  inward,  and 
not,  as  is  usually  described,  a  downward  displacement  of  the 
head  of  the  astragalus. 

B.  Thb  Ligaments  coNSTErunNG  the  Capsule  of  the 

ASTRAGALO-CALCANEO-NAVICULAB  JOINT. 

These  bands,  constituting  the  capsule  of  this  joint,  and  which 
serve  to  retain  the  head  of  the  astragalus  within  its  socket,  may 
be  subdivided  into  the  astragalo-navicular  ligaments  on  the 
dorsal  aspect,  and  astragalo-calcaneo  ligaments  on  the  lateral 
and  posterior  aspects  of  the  joint. 

The  Astragalo-Tuivicular  Ligamewts, 

These  ligaments  occupy  the  interval  on  the  dorsal  aspect  of 
the  joint  between  the  external  and  supero-internal  calcaneo- 
navicular ligaments.    Two  such  ligaments  can  be  distinguished. 
1.  Superficial,  which  consists  of  a  broad  thin  band  stretching 
from  the  outer  and  slightly  from  the  upper  aspect  of  the  neck  of 
the  astragalus,  and  inclining  obliquely  outwards  and  forwards,  is 
attached  to  the  dorsal  aspect  of  the  navicularis,  some  of  its  fibres 
being  continued  on  to  the  middle  cuneiform,  supplementing  the 
dorsal  ligament  of  the  joint  between  the  navicularis  and  that  bone. 
The  most  internal  fibres  meet  the  upper  fibres  of  the  supero- 
intemal  calcaneo-navicular  ligament  at  an  angle,  and  are  inter- 
laced with  them  at  their  attachment  on  the  navicularis.    The 
lower  and  more  external  fibres  are  stronger  and  thicker,  some- 
times tending  to  be  fasciculated ;  the  lower  edge  of  this  part  of 
tlie  ligament  is  usually  in  contact  with  the  upper  edge  of  the 
external  calcaneo-navicular  ligament.    The  whole  ligament  is 
very  much  longer  than  one  would  expect  from  an  examination 
of  the  dried  bones,  as,  in  the  first  place,  it  is  attached  some 
distance  behind  the    edge  of    the    articular    surface  of    the 
fiistragalus;^  and,  in  the  second  place,  it  crosses  that  part  of  the 

^  The  foUowing  areas  may  be  distingaished  in  the  upper  aspect  of  the  neck  of 

tlte   astragalna.      In  front   of  the  edge  limiting  the  tibial  articular  surface 

anteriorly  there  is  a  deep  smooth  groove,  marked  by  vascular  foramina,  and 

lod^ng  a  pad  of  fat  in  the  recent  state  ;  this  groove  is  bounded  anteriorly  by  a 

rm^h  linear  ridge,  which  gives  attachment  to  the  astragalo-navicular  ligament ; 

fyimt  of  this  ridge,  between  it  and  the  edge  of  the  articular  surface  of  the  head 

cyf  -the  astragalus,  is  a  smooth  surface,  on  which  the  astragalo-navicular  ligament 

I,  without  being  attached  to  it. 
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cartilage-clad  surface  of  the  head  of  the  astragalus  which  always 
projects  to  a  greater  or  less  extent  above  the  level  of  the  upper 
edge  of  the  navicularis. 

2.  Deept  which  consists  of  a  shorter  and  less  extensive  set  of 
fibres,  attached  to  the  upper  and  inner  aspects  of  the  neck  of  the 
astragalus.  The  fibres  stretch  forwards  with  a  slight  inclination 
outwards,  and  pass  on  to  the  navicularis,  under  cover  of  the  super- 
ficial set,  whose  direction  they  cross.  This  ligament  is  usually 
to  a  certain  extent  under  cover  of  the  upper  free  edge  of  the 
supero-internal  calcaneo-navicular  ligament,  the  two  ligaments 
being  bound  together  by  some  loose  connective  tissue. 

The  astragalo-navicular  ligaments  are  liable  to  a  good  deal  of 
variation.  There  is  sometimes  present  a  third  and  still  deeper 
set  of  fibres,  which  correspond  in  their  direction  to  the  fibres  of 
the  superficial  set,  and  which  consequently  cross  the  direction  of 
the  fibres  of  the  deep  set  under  which  they  lie. 

The  AstragcUo-calcanean  Ligantents. 

The  ligaments  connecting  the  astragalus  and  os  calds,  and 
which  take  part  in  the  formation  of  the  capsule  of  the  astragalo- 
calcaneo-navicular  joint,  are  three  in  number : — 

1.  The  external  astragalo-calcanean  ligament. 

2.  The  internal  astragalo-calcanean  ligament. 

3.  The  interosseous  astragalo-calcanean  ligament  (partially)^ 
It  is  concerning  these   ligaments  that  there    is  so    much 

descriptive  variance.  I  have  consulted  twenty  or  more  text- 
books, English,  French,  and  German,  and  there  are  no  two  which 
seem  in  any  way  agreed  regarding  either  the  nomenclature  or 
disposition  of  these  bands. 

To  quote  a  few  examples : — In  the  last  edition  of  Quain^  the 
external  astragalo-calcanean  ligament  is  described  as  one  in 
close  proximity  to,  and  parallel  with,  the  middle  fasciculus  of 
the  external  lateral  ligament  of  the  ankle.    Morris  and  Testot 
give  corresponding  names  to  this  band,  while  it  is  described  by 
Gegenbaur  as  the   ligamentum  talo-calcaneum  laterale.     Mao* 
alister  describes  the  external  calcaneo-astragalar  ligament  as  a 
strong  band  occupying  the  sinus  tarsi,  this  band  being  called  by 
Henle  the  ligamentum  talo-calcaneum  laterale,  by  Gegenbaur  the 
ligamentum  talo-calcaneum   dorsale,  and  by  Weitbrecht  the 
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ligamentum  planum  siiius  tarsi.  Bemarkably  enough,  two  such 
accurate  observers  as  Macalister  and  Henle  omit  all  mention  of 
the  more  superficial  and  posteriorly  situated  band  described  in 
most  of  the  English  text-books  as  the  external  ligament  At 
first  sight,  therefore,  it  would  seem  as  if  in  some  cases  the  one, 
in  some  cases  the  other  band  had  been  overlooked,  but  apparently 
the  ligamentum  talo-calcaneum  laterale  of  Henle  is  included  by 
most  authors  in  the  comprehensive  term  '  interosseous  ligament,' 
although  Morris,  evidently  following  Barkow,  differentiates  this 
band  as  the  anterior  interosseous  ligament.  These  are  but  a 
few  examples;  but  if  the  references  given  by  Henle  in  his 
Bandelehre  are  consulted,  it  will  be  found  that  the  names 
applied  to  the  ligamentous  bands  in  this  region  are  endless. 

I  beg  to  suggest  that  if  one  or  two  points,  which  may  be 
regarded  as  the  ground-plan  for  the  purposes  of  description,  are 
kept  in  view,  some  sort  of  order  may  take  the  place  of  this 
bewildering  confusion. 

In  the  first  place,  it  is  important  to  distinguish  as  far  as 
possible  between  the  bands  connecting  the  bones  at  the 
posterior,  from  those  at  the  anterior  astragalo-calcanean  articula- 
tion, and  to  describe  the  latter  in  conjunction  with  the  astragalo- 
navicular  joint. 

Secondly,  when  giving  names  to  ligaments  connecting  any 
two  tarsal  bones,  the  name  of  the  proximal  bone  should  always 
be  placed  first. 

Thirdly,  for  descriptive  purposes,  it  is  convenient  to  dis- 
tinguish (as  Henle  does)  between  the  sinus  tarsi  and  the 
canalis  tarsi  The  canalis  tarsi  is  the  narrow  timnel  towards 
the  inner  side  of  the  foot :  this  tunnel  abruptly  opens  into  the 
extensive  fossa  of  the  sinus  tarsi  on  the  outer  side. 

^Fourthly,  the  astragalo-calcanean  ligament  lodged  in  the  sinus 

tarsi  should  (following  Henle's  nomenclature)  be  described  as 

an  external  astragalo-calcanean  ligament,  as  it  occupies  a  lateral 

position  with  regard  to  the  anterior  astragalo-calcanean  joint ; 

-while  '  interosseous  ligament '  should  be  a  term  reserved  for  the 

astragalo-calcanean  bands  which  are  lodged  for  the  most  part  in 

the  canalis  tarsi 

IVith  this  premise,  I  may  notice  here  that  there  are  lateral 
ligaments  in  connection  with  both  the  anterior  and  the  posterior 
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astragalo-calcanean  joints,  and  that  the  interosseous  ligament  is 
common  to  the  two,  constituting  the  posterior  ligament  of  the 
one  joint,  the  anterior  ligament  of  the  other. 

In  the  posterior  joint  the  itdemdl  lateral  ligament  is  duplicate*, 
one  band  passes  downwards  and  forwards  from  the  posterior  internal 
tubercle  of  the  astragalus  to  the  hmder  limit  of  the  sustentaculum  tali, 
and  bridges  over  some  of  the  fibres  of  the  internal  lateral  ligament  of 
the  ankle ;  the  other  band  passes  downwards  and  backwards  from  the 
same  point  on  the  astragalus  to  the  os  calcis  behind  the  sustentacnlnm 
taH,  and  completes  the  floor  of  the  groove  between  the  astragalus 
and  OS  calcis  lodging  the  tendon  of  the  flexor  longus  hallucis ;  the 
fibres  of  this  band  are  closely  associated  with  those  of  the  internal 
lateral  ligament.     The  external  lateral  ligament  is  the  one  to  which 
the  term  'external  astragalo-calcanean  ligament'  is  usually  applied 
(Quain,  Gray,  &c.).     It  is  attached  to  the  astragalus  just  in  front  of 
the  fibular  facet,  and,  passing  downwards  and  backwards,  is  attached 
on  the  OS  calcis  to  the  pointed  (in  well-marked  bones)  extremity  of  the 
tubercle  which  gives  attachment  to   the  middle  fasciculus  of  the 
external  lateral   ligament  of  the  ankle,   by  which  it  is  partially 
covered.    This  ligament  to  a  certain  extent  rides  on  the  astragalus,  as 
below  its  point  of  attachment  to  that  bone  it  is  lodged  in  a  narrow 
groove  just  in  front  of  the  lower  part  of  the  fibular  facet. 

The  lateral  ligaments  of  the  posterior  astragalo-calcanean  joint  are 
very  obliquely  disposed  bands,  and  thereby  present  a  contrast  to  the 
nearly  vertical  lateral  hgaments  of  the  anterior  joint. 

The  following  descriptions  refer  to  the  ligaments  of  the 
anterior  joint : — 

The  Hxtemal  Astragalo-calcanean  Ligament. 

This  ligament  is  very  accurately  described  by  Henla     It  is  a 
strong  band  lodged  in  the  sinus  tarsi,  attached  above,  to  a  well- 
marked  tubercle  on  the  inferior  aspect  of  the  neck  of  the 
astragalus,  below,  to  the  upper  surface  of  the  os  calcis.    It  is  often 
separated  into  two  parts  by  a  fat-containing  interval.     It  has 
well-defined  edges,  the  posterior  edge  being  isolated  from  the 
interosseous  ligament  by  an  interval  occupied  by  a  fat-coyeted 
pouch  of  synovial  membrane.    Its  fibres  are  disposed  on  a  some- 
what oblique  plane,  which  meets  the  plane  of  the  astragalo- 
calcanean  fibres  lodged  in  the  canalis  tarsi  (interosseous  liga- 
ment) at  an  angle.    The  superficial  aspect  of  the  ligament  is  in 
close  relation  with  the  origin  of  the  extensor  brevis  digitorum, 
while  the  deep  aspect  faces  the  anterior  astragalo-calcanean 
joint. 
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The  IrUemcU  AstroffaliHuleanean  Ligament. 

A  deep  dissection  is  required  to  expose  this  ligament,  as  it  is 
under  cover  of  the  internal  lateral  ligament  of  the  ankle  and 
the  supero-internal  calcaneo-navicular  ligament  It  consists  of 
a  thin  and  somewhat  variable  band,  attached  above,  to  the 
surface  of  the  astragalus  just  below  the  forepart  of  the  tibial 
facet,  below,  to  the  sustentaculum  tali.  It  is  the  band  to  which, 
I  presume,  Morris  refers  under  the  name  *  antero-internal  cal- 
caneo-astragaloid  ligament' 

The  IrUerosseous  AstroffolO'Calcanean  LiffamerU. 

This  ligament  is  usually  described  as  being  exceedingly  strong 
and  of  great  thickness,  and  one  has  always  been  led  to  regard  it 
as  one  of  the  most  important  connecting  links  in  the  tarsus. 
This  idea  requires  some  modification.  The  strongest  ligament 
connecting  the  astragalus  and  os  calcis  is  the  external  astragalo- 
calcanean  (as  described  above);  and  if  this  is  cut  through,  a 
comparatively  inconsiderable  force  is  required  to  rupture  the 
connecting  links  between  the  two  bones  as  far  as  the  inter- 
osseous ligament  is  concerned. 

The  interosseous  ligament  for  the  most  part  occupies  the  canalis 

tarsi;  and  if  the  grooves  in  the  astragalus  and  os  calcis,  which 

together  complete  this  canal,  be  examined,  their  appearance  is 

certainly  against  the  idea  that  they  give  attachment  to  strong 

banda    The  degree  of  roughness  presented  by  a  bony  surface 

giving  attachment  to  a  ligament  is  to  a  large  extent  the  index 

of  the  strength  of  that  ligament,  and  these  grooves  certainly  do 

not  exhibit  any  well-marked  roughnesses,  but  are  for  the  most 

part  smooth  surfaces,  interrupted  by  vascular  foramina,  and 

lodging  a  considerable  quantity  of  fat.     Further,  the  canalis 

tarsi  is  largely  occupied  by  another  and  altogether  unexpected 

structure,  viz.,  a  deeply-situated  contingent  of  the  ligamentum 

fundiforme. 

TTie  ligamentum  fundiforme^  usually  described  in  connection  with 
thjB  lower  division  of  the  anterior  annular  ligament  of  the  ankle 
(ligamentiun  lambdoideum),  is  the  sling-like  Btructure  which  forms  a 
pulley  for  the  tendons  of  the  extensor  longus  digitorum  and  peroneus 
tertius.  This  exceedingly  well-marked  sHng  has  usually  but  scant 
attention  paid  to  it  in  the  text-books,  and  certainly  no  text-book 
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description  leads  to  a  proper  conception  of  its  strength,  importance, 
and  disposition.  It  was  first  described  by  Retzius  (Muller's  Arehiv, 
1841,  p.  497),  who,  finding  it  in  the  dog,  proved  its  existence  in  man; 
from  his  investigations  it  appears  to  be  a  very  constant  structoie 
throughout  the  mammalia.  E&s  description  of  tJie  deep  attachments 
of  the  sHng  are  somewhat  obscure,  and  he  only  casually  notices  that 
a  certain  contingent  passes  into  the  "groove  of  the  astragalus";  he 
mentions,  however,  that  a  part  of  it  is  attached  to  the  os  calds  as  far 
as  the  sustentaculum  tali,  and  evidently  implies  that  it  ocQUpies  the 
canalis  tarsi,  though  he  does  not  use  this  term.  Betzius  lays  especial 
stress  upon  the  importance  of  these  deep  connections  of  the  ligament, 
but  his  description  has  apparently  escaped  the  attention  it  deserves, 
and  has  not  been  incorporated  in  any  later  writings.  I  may  add  that 
I  had  worked  out  the  disposition  and  connections  of  the  ligamentum 
f undif orme  before  reading  his  paper,  and  practically  came  to  the  same 
conclusions. 

The  proper  method  of  dissecting  out  this  band  is  as  follows  :— 
The  lower  part  of  the  anterior  annular  ligament  must  be  isolated  as 
usual  from  the  rest  of  the  deep  fascia  with  which  it  is  continuous. 
When  this  is  done,  the  most  strongly  marked  part  of  it  is  a  well- 
defined  band  which  stretches  obliquely  upwards  and  inwards  across 
the  front  of  the  ankle  from  the  os  calcis  on  the  outer  side  to  the  lowei 
end  of  the  tibia  on  the  inner  side.     This  band  must  now  be  cat 
through  just  to  the  inner  side  of  the  extensor  longus  digitorom,  between 
it  and  the  extensor  longus  hallucis,  and  the  outer  part  of  the  band 
with  the  tendons  reflected  downwards  and  outwards.     It  at  onoe 
becomes  apparent  that  most  of  the  superficial  fibres  of  this  (nov 
reflected)  band  curve  in  deeply  at  the  inner  side  of  the  extensor 
longus  digitorum  tendon,  and,  taking  a  recurrent  course  behind  the 
tendons,  pass  into  the  sinus  tarsi  where  they  are  attached  to  the 
OS  calcis,  and  thus  complete  a  loop,  which  forms  a  perfect  pullej 
arrangement  for  the  tendons  of  the  extensor  longus  digitorum  and  the 
peroneus  tertius.     The  free  end  of  the  loop — that  is,  the  point  where 
the  superficial  fibres  curve  in  deeply — ^is  situated  on  the  front  of  the 
ankle,  and  is  held  in  place  by  three  stays  derived  from  thickenings 
of  the  fascia,  and  radiating  from  it  to  three  bony  points  in  the  leg  and 
foot.     One  passes  downwards  and  inwards  to  the  inner  side  of  the 
foot,  where  it  becomes  continuous  with  the  plantar  fascia,  though  some 
of  its  fibres  are  adherent  to  the  navicularis ;  a  second  passes  upwards 
and  inwards  to  the  lower  end  of  the  tibia ;  the  third  passes  upwards  and 
outwards  to  the  external  malleolus.     These  three  stays  together  with 
the  ligamentum  fundiforme    constitute  the  ligamentum  eniGiatam 
(Weitbrecht),  or,  neglecting  the  weakest  of  the  three,  nam^j,  the  one 
attached  to  the  external  malleolus,  the  more  familiar  ligamentum 
lambdoideum.     To  fully  investigate  the  deep  attachments   of  tiie 
ligamentum  fundiforme,  the  astragalus  and  os  calcis  must  be  sawn 
through  in  such  a  way  as  to  expose  the  whole  length  of  the  canalis 
and  sinus  tarsi.    There  is  some  little  difficulty  in  preventing  the 
structures  contained  in  the  canal  from  being  injured  by  this  operation, 
and  the  better  plan  is  to  saw  through  the  bones  in  a  plane  parallel 
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to,  bat  somewhat  behind,  the  long  axis  of  the  canalis  tarai,  and  then, 
by  the  aid  of  chisel  and  forceps,  to  expose  the  full  extent  of  the 
canalis  and  sinus  tarsi.  The  contained  structures  may  now  be 
systematically  dissected  from  behind.  By  these  means  the  ligamen- 
tum  fundiforme  may  be  exposed  in  its  whole  extent,  and  its  deep 
attachments  investigated  (lig.  i).    The  two  limbs  fonning  the  loop 


Seheitu  of  thi  fibre*  ofVu  lAgawentum  fandtforme. 
1.  Ods  of  the  eUyB.  S.  D»ep  or  iutenisl  limb. 

Z  SuparGciol  oi  external  limb.  x  Oval  aperture  transmitting  tendons. 

of  the  ligament  may  he  deecribed  as  the  superficial  or  external,  and 
the  deep  or  internal,  respectively.  On  the  outer  side  of  and  below 
the  tendon  of  the  peroneus  tertius  some  of  the  fibres  of  the  deep  hmb 
pass  into  the  superficial  limb,  or  there  is  an  interchange  of  fibres 
between  the  two,  and  this  completes  an  oval  loop,  through  which  the 
tendons  are  transmitted  (fig,  4).  After  this  interchange  of  fibres  the 
two  Umbs  may  still  be  distinguished  from  one  another  as  they  arch 
downwards  into  the  sinus  tarsL  The  superficial  or  external  limb  ia 
a  somewhat  variable  structure,  which  is  widely  implanted  in  the  floor 
of  the  sinus  tarsi.  It  tends  to  be  coarsely  faaoiculated,  the  intervals 
between  the  fascicles  being  occupied  by  the  fibres  of  origin  of  the 
extensor  breris  digitorum.  The  deep  or  internal  hmb  clings  closely 
to  the  neck  of  the  astragalus,  and  passing  into  the  sinus  tarsi  behind 
the  external  aatragalo-calcanean  ligament,  its  fibres  spread  out  fan  wise, 
and  uauaily  separate  into  two  bands — an  outer,  which  passes  vertically 
downwards  and  is  attached  to  the  floor  of  the  sinus  tarai  in  close  con- 
nection with  the  outer  hmb;  and  an  inner,  which  passes  nearly  hori- 
zontally inwards  into  the  canalis  tali,  where  some  of  its  fibres  are 
ftttached  to  the  aatragalua,  but  the  main  part  ate  attached  to  the  whole 
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length  of  the  groove  on  the  os  calcie,  forming  tl^  floor  of  the  canalis 
tarsi  (fig.  4).  Between  these  two  bands  of  the  deep  limb  there  is  >d 
arched  bordei  concave  downwarda,  and  bridging  over  a  fat-contuning 
space.  Very  cloeelj  associated  with  and  Ijing  on  a  plane  anterior  to 
that  of  the  deep  limb  is  a  ligament,  which  at  its  attachment  to  th«  oa 
calcis  is  often  blended  with  its  outer  band :  passing  npwards  and 
inwards,  it  is  attached  to  the  groove  on  the  astragalus,  forming  the 
roof  of  the  canalis  tarsi,  and  tbua  tends  to  cross  the  inner  band  of  tlie 
deep  limb  obliquely.  The  dispoeition  of  these  two  obliquely  oroeing 
structures  has  given  rise  to  the  misconception  of  an  intermediate  put 
of  the  interosseous  ligament,  consistii^  of  two  astragalo'Calcaneaii 
bands  crossing  each  other  obUquely,  as  described  by  Henle  and 
others ;  they  failed  to  recognise  the  connection  between  these  bands 
and  the  lig^entum  f undiforme. 


Fio.  4. — A  somewhat  oblique  seotioD  throngli    the   sstrageliu    and  ot  ralcU, 
■howing  the  wraugemeDt  and  deep  connection  of  tbeligamentmnfandironnc. 

The  above  description  may  be  taken  as  representing  the  usual 
disposition  of  the  deep  limb  of  the  ligamentum  fundiforme.  I  have 
dissected  it,  out  in  the  manner  described,  in  a  good  many  joints,  and 
have  found  it  somewhat  variable,  both  as  regards  the  extent  of  its 
connections  to  the  os  calcis  and  astragalus,  and  the  relation  it  bears  to 
the  obliquely  disposed  astragalo-calcauean  ligament.  In  some  hum 
this  ligament  tends  to  traverse  the  deep  lunb  of  the  ligamentam 
fundiforme. 

The  deep  limb  of  the  ligamentum  fundiforme,  diving  into  and 
occupyiiig  the  whole  length  of  the  sinus  tarBi,  snppIieB  a  nstoial 
separation   between  the    fibres  of    the   interoaseoua    ligament 
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belonging  to  the  posterior,  from  those  belonging  to  the  anterior 
astragalo-calcanean  joint,  the  former  lying  behind,  the  latter  in 
front  of  it.  Behind  the  deep  limb  of  the  ligamentum  fmidi- 
forme  in  the  canalis  tarsi  there  are  vertically  disposed  thin 
bands,  forming  the  anterior  ligament  of  the  posterior  joint ;  when 
traced  outwards,  they  become  scanty,  and  in  the  sinus  tarsi 
are  usually  deficient ;  in  this  situation,  the  synovial  membrane 
of  the  posterior  joint  tends  to  be  pouched,  and  is  in  direct 
contact  with  the  fat  lodged  in  the  fossa.  In  front  of  the  liga- 
mentum f undif orme  in  the  canalis  there  are,  in  addition  to  the 
oblique  band  already  mentioned,  some  weak  and  irregularly 
disposed  bands,  which  form  with  it  the  posterior  ligament  of 
the  anterior  joint. 

Morestin  {Bull  Soc.  Anat.  de  Paris,  1894,  pp.  1017-1021) 
points  out  the  deep  connections  of  the  ligamentum  fundiforme  in 
the  canalis  tarsi,  but  he  makes  no  reference  to  the  paper  pub- 
lished many  years  ago  by  Betzius,  to  whom  the  honour  of  this 
discoveiy  properly  belongs.  Morestin  comes  to  the  conclusion 
that  the  interosseous  ligament  is  "  extremely  powerful"  With 
this  conclusion  I  entirely  disagree :  on  cutting  through  all  the 
ligaments  connecting  the  astragalus  and  os  calcis,  with  the 
exception  of  those  lodged  in  the  sinus  tarsi,  I  have  easily  rup- 
tured the  remaining  ties  between  the  two  bones ;  and  were  we  to 
include  the  external  astragalo-calcanean  ligament,  relatively 
strong  though  this  band  is,  with  the  interosseous  ligaments, 
these  connectii^  links  between  the  two  bones  can  in  nowise  be 
described  as  extremely  powerful 

The  IrUer-articviar  Ligament  of  the  Astragalo-calcaneo- 

Tuivicular  JovrU. 

In  connection  with  this  joint,  there  is  one  remarkable  band 

iTvhich  is  very  frequently  present.    Owing  to  its  deep  position 

and  the  difficulties  that  lie  in  the  way  of  its  demonstration,  its 

presence,  as  far  as  I  can   gather  from  consultation  of    the 

literature  dealing  with  this  joint,  has  not  been  previously  noted. 

I  discovered  it  accidentally  in  demonstrating  the  socket  of  the 

joint:  having  cut  through  all  the  ligaments  which  I  have 

described  in  this  paper  as  constituting  the  capsule,  I  found 

that>  the  head  of  the  astragalus  was  not  entirely  free,  but  a  band 
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Still  connected  it  with  its  socket  I  have  examined  a  large 
number  of  joints,  and  have  found  it  so  frequently  present  that  I 
cannot  but  regard  it  as  being  a  normal  constituent  of  the  joiot 
It  is  a  band  which  occupies  the  groove  between  the  two  anterior 
astragalar  facets  on  the  os  calcis,  or  a  corresponding  position 
when  these  two  facets  are  confluent,  being  connected,  on  the  one 
hand,  with  the  head  of  the  astragalus,  on  the  other,  with  the 
ligamentous  floor  of  the  socket.  It  is  very  variable,  and  may  be 
present  in  any  one  of  the  following  conditions : — 

1.  A  simple  fold  of  synovial  membrane  reflected  into  the  joint, 
attached  above  to  the  astragalus,  and  continuous  below  with  the 
synovial  membrane  covering  the  pellets  of  fat  invaginated  into 
the  joint  between  the  fascicles  of  the  inferior  calcaneo-navicular 
ligament. 

2.  An  isolated  string-like  band  of  synovial  membrane,  having 
the  same  relations  to  the  astragalus  and  the  synovial-covered 
pellets  of  fat,  and  resembling  in  some  respects  the  ligamentum 
mucosum  of  the  knee-joint.  This  condition  I  have  found  with 
confluent  anterior  astragalar  facets. 

3.  A  broad  band  of  synovial  membrane,  lying  isolated  within 
the  joint  cavity,  and  having  the  same  connections. 

4.  A  condition  resembling  1,  in  that  a  projecting  fold  of 
synovial  membrane  is  present,  but  between  its  layers  there  are 
distinct  ligamentous  flbres  connecting  the  head  of  the  astragalus 
with  the  ligamentous  floor  of  the  socket. 

5.  An  isolated  synovial  sheathed  ligamentous  band,  which  in 
some  cases  is  a  very  well-defined  rounded  cord  attached  to  the 
head  of  the  astragalus  close  to  the  articular  margin,  and  passing 
obliquely  forwards  and  inwards  in  the  groove  between  the  two 
anterior  astragalar  facets  spread  out  in  the  floor  of  the  socket, 
where  it  is  directly  continuous  with  the  calcaneo-navicular 
ligament  (fig.  2). 

6.  In  one  case,  there  was  a  remarkably  long  band  of  tbe 
external  calcaneo-navicular  ligament,  attached  to  the  posterior 
exit  of  a  very  broad  groove  between  the  two  anterior  astragalar 
facets,  and  the  ligament  Connecting  the  head  of  the  astragalus 
to  the  ligamentous  floor  of  the  socket  passed  through  the  fibres 
of  this  band. 

The  object  of  this  remarkable  band  is,  at  first  sight,  somewliat 
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obficore.  In  the  first  place,  I  should  like  to  be  able  to  state 
that  this  band,  when  it  takes  the  form  of  a  rounded  ligament, 
is  directly  responsible  for  the  presence  of  the  groove  which 
oocasionally  interrupts  the  coticular  surface  on  the  os  calcis; 
but,  unfortunately,  I  have  found  cases  where  a  well-marked 
groove  was  present,  but  there  were  no  signs  of  a  ligament. 

The  part  which  this  band  has  to  play  in  the  mechanism  of 
the  joint  is  one  which,  in  my  opinion,  corresponds  to  that  of 
the  ligamentum  mucoeum  in  the  knee-joint,  or  the  ligamentum 
teres  in  the  hip-joint.    The  ligamentum  teres,  from  its  weak 
nature,^  cannot  be  r^arded  as  a  ligament  which  is  of  any  service, 
either  in  maintaining  the  relative  positions  of  the  femur  and 
acetabulum,  or  for  limiting  the  movements  of  the  joint :  it  must, 
therefore,  have  some  other  function  to  perform.    The  head  of 
the  femur  is  not  the  segment  of  a  perfect  sphere ;  and  although 
in  certain  positions  it  may  be  regarded  as  accurately  fitting  its 
socket,  yet  in  other  positions  this  exact  correspondence  must 
cease,  and  a  tendency  to  a  vacuum  be  engendered  (thereby 
seriously  interfering  with  the  mobility  of  the  joint),  were  there 
not  some  mechanism  whereby  the  surface  and  capacity  of  the 
socket  is  made  to  vary  in  order  to  adapt  it  to  the  varying  curva- 
tures of  the  head  of  the  femur  presented  to  it     Such  a  mechan- 
ism is  supplied  by  the  ligamentum  teres'  and  the  extensive 
pad  of  fat  lodged  in  the  fovea  acetabulL    The  tension  of  the 
ligamentum  teres  varies  according  to  the  position  of  the  head 
of  the  femur,  and  the  varying  tensions  of  the  ligament  must 
influence  the  fat  that  imderlies  it.    This  fat  is  directly  con- 
tinuous, through  the  cotyloid  notch,  with  the  extra-articular  fat 
on  the  inner  aspect  of  the  joint,  and  consequently  this  affords 
a  means  whereby  the  amount  of  fat  within  the  joint  can  vary ; 
that  such  variations  do  occur  may  be  directly  proved  by  care- 
fully exposing  the  extra-articular  fat  on  the  inner  aspect  of  the 
intact  joint,  and  then,  if  the  femur  i&  rotated  in  different  direc- 
tions, this  fat  at  one  time  will  be  found  to  be  sucked  in,  as  it 
»,  through  the  cotyloid  notch,  at  other  times  to  be  protruded 

*  Aooording  to  Macalister,  this  ligament  rapturoB  with  a  stress  of  about  14 


*  I  include  in  the  term  '  ligamentum  teres '  the  thin  expansion  covering  the  fat 
in  tlie  fovea  acetabulum,  and  which  is  attached  to  the  margins  of  the  fovea.    This 
lion  varies  considerably  in  thickness. 
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from  it  If  the  fat  within  the  fovea  acetabuli  varies,  the 
expansion  of  the  ligamentum  teres  which  covers  it  can  also 
vary,  and  must  be  regarded  as  the  variable  factor  in  the  socket, 
whereby  the  socket  ia  adapted  to  the  varying  curvatures  of  the 
head  of  the  femur  presented  to  it,  this  adaptation  being  to  a  large 
extent  determined  by  the  movements  of  the  head  of  the  femur 
to  which  the  ligamentum  teres  is  attached. 

In  ascribing  this  function  to  the  ligamentum  teres,  one  diffi- 
culty presents  itself.  According  to  Krause,  the  cavity  of  a  joint 
is  invariable  {Der  Binnenraume  der  Gelenke  ist  y/n/oerdnderlick)^ 
and  by  this  I  presume  he  means  the  capacity  of  the  cavity 
within  the  limits  of  the  capsular  ligament  of  a  joint ;  conse- 
quently, if  this  capacity  is  diminished  in  one  direction  by  the 
intrusion  of  fat  into  the  joint,  there  must  be  a  corresponding 
increase  of  capacity  in  some  other  direction.  This  increase  of 
capacity  may  be  provided  for  by  the  stretching  of  the  capsular 
ligament,  but  this  is  scarcely  likely  to  be  the  case  in  the  hip- 
joint.  If  the  posterior  aspect  of  the  capsule  of  the  hip-joint  be 
examined  at  the  back  of  the  neck  of  the  femur,  a  deficiency  in 
the  capsule  will  be  found  at  the  lower  and  outer  border  of  the 
zona  articularis,  and  through  this  deficiency  a  pouching  of  the 
synovial  membrane  takes  place,  this  pouch  of  synovial  membrane 
being  closely  connected  with  a  pad  of  fat  on  the  inner  aspect  of 
the  great  trochanter.  There  is  therefore  in  this  situation  a 
spot  where  the  extra-articular  fat  may  be  either  pulled  into  ot 
pushed  away  from  the  joint-cavity  through  a  deficiency  in  the 
capsule,  a  deficiency  which  may  be  compared  with  that  on  the 
other  side  of  the  joint,  bounded  by  the  cotyloid  notch  and  the 
transverse  ligament.  Whether,  when  extra-articular  fat  is 
drawn  into  the  joint  through  the  cotyloid  notch,  there  is  a  corre- 
sponding protrusion  through  the  deficiency  on  the  posterior 
aspect  of  the  joint,  and  the  converse  of  this,  I  have  not  deter- 
mined, but  it  is  certainly  possible. 

I  have  made  this  long  digression  on  the  possible  functions  d 
the  ligamentum  teres  as  the  intra-articular  band  which  I  have 
described  in  the  astragalo-calcaneo-navicular  joint  may  have  a 
somewhat  similar  function  to  perform.  But  little  lateral  move- 
ment is  possible  at  the  cuikle- joint,  the  movements  of  abductioa 
eversion)  and  adduction  (inversion)  of  the  foot  taking  place 
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in  the  sub^astragaloid  joints,  and  in  these  movements  the  head 
of  the  astragalus  rotates  within  its  socket.    When  the  foot  is 
adducted,  the  head  of  the  astragalus  moves,  relatively  to  its 
socket,  in  a  direction  upwards  and  outwards,  a  greater  extent 
of  the  articular  surface  of  the  bone  making  its  appearance 
above  the  level  of  the  upper  edge  of  the  navicularis.    Under 
these  circumstances,  a  smaller  amount  of  the  articular   sur- 
face of  the  head  will  occupy  the  socket,  and  the  socket  must 
undergo  a  corresponding  diminutioa     This  diminution  may  be 
effected  to  a  certain  extent  by  an  increased  pressure  of  the 
tendon  of  the  tibialis  posticus,  the  muscle  which  is  chiefly 
responsible  for  the  movement,  on  the  inner  aspect  of  the  supero- 
internal  calcaneo-navicular  ligament ;  but  in  addition,  the  inter- 
articular  band  which  I  have  described  will,  when  present,  have 
some  part  to  play  in  bringing  about  this  result.    From  the  dis- 
position of  this  band  (fig.  2)  it  is  obvious  that  it  must  be  put  on 
the  stretch  when  the  foot  is  inverted,  and  according  to  its  con- 
dition (synovial  or  ligamentous)  it  will  tend  either  to  pull  more 
tat  into  the  joint  through  the  intervals  of  the  inferior  calcaneo- 
navicular ligament,  or  to  directly  elevate  and  pull  outward  the 
ligamentous  floor  of  the  socket.     There  is  therefore  in  this  joint 
a   mechanism  whereby  a  variable  socket  may  be  constantly 
adapted  to  the  varying  amounts  of  the  rounded  head  which 
occupies  it,  this  adaptation  being  determined,  as  in  the  hip-joint, 
by  a  band  which  is  attached  on  the  one  side  to  the  revolving 
head,  on  the  other  to  a  factor  of  the  socket  capable  of  variation. 
In  conclusion,  I  will  summarise  the  more  importajit  points  to 
which  I  have  called  attention  in  this  paper.    A  great  confusion 
exists  with  regard  to  the  nomenclature  and  methods  of  descrip- 
tion of  the  ligaments  connecting  the  astragalus,  os  calcis,  and 
navicularis,  but  this  confusion  disappears  by  emphasising  the 
fact  that  there  are  but  two  joints  between  the  three  bones,  and 
by  distinguishing  the  ligaments  of  the  one  joint  from  those  of 
the  other.    In  the  posterior  joint,  the  incomplete  capsule  is 
constituted  by  anterior,  posterior,  and  lateral  ligaments ;  while 
in  the  anterior  joint,  the  calcaneo-navicular  ligaments  are  to  be 
described  as  completing  the  socket,  the  capsule  retaining  the 
head  of  the  astragalus  within  the  socket  being  constituted  by 
tbe   astragalo-navicular   ligaments  on  the    dorsal   aspect,  by 
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external  and  internal  astragalo-calcanean  ligama[it6  on  tlie  lateral 
aspectB,  and  by  a  posterior  astragalo-calcanean  ligament  on  the 
hinder  aspect  of  the  joint  Further,  in  the  anterior  joint  there 
exists  an  inter-articular  ligament,  which,  like  the  ligamentom 
teres  in  the  hip-joint,  serves  to  adapt  the  socket  to  the  head  of 
the  astragalus  in  different  positions. 


HALICECERU8  QBTPUS:  THE  GREY  SEAL.    Obskbva- 
TioNS   OS  HB   External   Appbabakces   and   Viscbkal 

1 

Akatomy.     By  David  Hepburn,  M.D.,  M.C.,  F.RS.EA, 
Ledwrer  on  Begiorwl  AnwJtomy^  Unwersity  of  Edivlnirgh. 

On  July  3rd,  1895,  an  adult  specimen  of  the  grey  seal  was  de- 
livered at  the  Anatomical  Department,  University  of  Edinburgh, 
having  been  forwarded  by  the  Eev.  Dr  Joass  of  Golspie,  by 
whom  the  animal  was  found  washed  ashore  and  dead.  Through 
the  kindness  of  Sir  William  Turner,  the  specimen  was  put  into 
my  possession,  in  order  that  I  might  make  some  observations  on 
its  external  appearances,  and  thereafter  examine  its  visceral 
anatomy  for  points  of  interest. 

I.  EXTSBNAL  APPSARANCBS. 

The  external  configuration  and  colour  of  all  marine  mammalia 
are  of  great  importance,  because  there  is  reason  to  believe  that 
they  undergo  considerable  changes  during  the  growth  of  the 
animal  from  its  foetal  to  its  adult  state.  So  much  is  this  the 
case,  that  two  individuals  of  the  same  species  might  present 
appearances  so  dissimilar  as  to  admit  the  possibility  of  errors  in 
classification.  A  detailed  statement  of  the  dimensions  and 
colour-markings  of  the  specimen  under  consideration  is  thus  of 
value. 

The  animal  was  a  male,  and  yielded  the  following  measure- 
ments : — 

Ft.    Ins. 

1.  Length  from  tip  of  nose  to  tip  of  tail — 

(a)  Between  perpendiculars,     .        .        .        .        6     9 
(6)  Along  dorsal  curve 7    7 

2.  Length  from  tip  of  nose  to  the  most  distant  point 

of  an  extended  hind  flipper,  measured  along  the 

dorsal  curve, 8     9 

3.  Length  from  tip  of  nose  to  tip  of  tail,  along  the 

ventral  curve, 7    6 

made  up  as  follows : — 


} 
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(a)  From  tip  of  nose  to  umbilicus,  5  ft  2  in.  Ft  Ins. 

(h)  From  umbilicus  to  genital  opening,  1  ft  2  in. 
(e)  From  genital  opening  to  tip  of  tail,  1  ft  2  in. 

4.  Length  from  tip  of  nose  to  aural  orifice,     .        .        0  10 

5.  Length  from  tip  of  nose  to  anterior  root  of  anterior 

flipper,  in  a  straight  line,  .        .        .        2    5 

6.  Anterior  flipper  (pectoral  limb) — 

(a)  Length, 11 

(6)  Width  at  base, 0    7 

(c)  Width  across  roots  of  nails,         .        .        .        0    7f 

The  Manus  had  five  digits,  each  with  a  strong  convex  nail 
The  digits  were  webbed,  and  both  surfaces  were  covered  with 
hair.    There  was  no  groove  between  the  pollex  and  index. 

7.  Posterior  flipper —  Ft  Im. 

Width  across  roots  of  nails,      .        .        .        .        15 

The  Pes  had  five  digits  each,  with  a  strong  convex  naU. 
The  first  and  fifth  digits  were  larger  than  the  others.  The  webs 
were  covered  with  hair  on  both  surfaces.  They  were  grooved  in 
the  longitudinal  direction,  so  that  the  toes  laj  in  apposition. 

8.  The  Tail  was  triangular  in  outline : — 

(a)  Width  at  its  base  or  root,  . 

(b)  Length  along  its  sides, 
{c)  Length  from  base  to  apex,  . 

9.  Greatest  girth  close  behind  anterior  flippers, 
10.  Girth  at  the  level  of  genital  aperture. 

The  rapid  diminution  in  circumferential  measurement  was 
therefore  very  pronounced,  for  in  a  linear  distance  of  little  more 
than  3  feet  there  was  a  loss  of  1  ft  10  ins.  in  girth,  thereby 
emphasising  the  fish-like  character  of  the  trunk  of  this  anixnaTs 
body. 

Two  rudimentary  nipples  were  situated  one  on  each  side  of 
the  ventral  mesial  line  5  inches  behind  the  umbilicus,  and  at  a 
distance  of  4^  inches  from  each  other.  These  were  hidden  from 
view  by  the  hairy  coat,  and  when  exposed  they  presented  a  dark 
slate-coloured  elevation  of  the  integument,  studded  with  stiflT 
black  haira  They  were  not  lodged  in  an  integumentary 
or  slit,  such  as  is  found  in  the  porpoise. 
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Each  aural  orifice  was  \  inch  in  diameter,  the  opening  being 
rounded  and  lined  by  dark  slate-coloured  integument,  forming  a 
soft  puckered  pad  in  relation  to  its  anterior  aspect.  This  pad 
occupied  the  mouth  of  the  external  auditory  meatus,  into  which 
it  sank  quite  reculily,  and  thus  acted  as  a  valvular  closing 
apparatus. 

The  nodriU  were  in  the  form  of  two  vertical  slits,  situated 
on  the  front  of  the  snout,  and  looking  forwards.  Each  slit 
possessed  thick  and  projecting  labia,  which  gave  the  front  of  the 
nose  the  appearance  of  being  grooved  vertically. 

The  rrumth  was  situated  on  the  inferior  aspect  of  the  muzzle, 
and  was  overhung  by  the  projecting  snout  On  each  upper  lip 
there  were  six  or  seven  parallel  rows  of  powerful  horny  vibrissse, 
arranged  longitudinally.  The  longest  of  these  vibrissse  measured 
nearly  4  inches.    There  was  no  beard. 

The  eyelids  and  eyeballs  had  suffered  considerable  damage,^ 
and  were  not  in  a  suitable  condition  for  detailed  examination. 
Above  and  to  the  inner  side  of  each  palpebral  fissure  there  was 
a  rudimentary  eyebrow,  which  consisted  of  three  homy  vibrissae, 
the  longest  measuring  2  inches. 

The  aniLs  was  a  vertical  slit,  situated  under  the  root  of  the 
tail     It  presented  thick  lateral  labia,  studded  with  hairs. 

Colour  and  Marking  of  the  Hair. 

Standing  at  a  little  distance  from  the  animal,  the  general  tone 
of  the  colour  was  a  silver-grey,  which  appeared  lighter  when 
viewed  from  the  head  end  than  when  looked  at  from  the  tail 
end,  and  was  actually  much  lighter  on  the  ventral  than  on  the 
dorsal  surface.  The  general  tone  of  colour  was  darker  along  the 
sides  than  on  the  dorsum,  while  everywhere  a  darker  tone  was 
produced  when  the  hair  was  wet  than  when  it  was  dry. 

Examined  more  closely,  the  general  colour  was  seen  to  be  the 
result  of  the  intermingling  of  lig^t  and  dark  patches  of  hair, 
vrhereby  a  mottled  appearance  was  produced.  The  size  of  these 
different  patches  constantly  varied,  and  their  shape  was  quite 
irregular.  Each  dark  patch  had  a  central  area  of  almost  inky 
blackness,  which  shaded  off  radially  until  a  light  patch  was 
reached,  in  the  centre  of  which  the  colour  attained  its  whitest  tone. 
On  the  neck  and  throat  these  appearances  were  most  marked, 
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because  in  these  regions  the  individual  patches  were  larger  than 
elsewhera  In  other  parts  of  the  hairy  coat  these  appearances 
were  not  so  pronounced,  because  they  were  somewhat  obscured 
by  the  general  mottling,  resulting  £rom  the  smaller  si2e  of  the 
colour  patches. 

The  various  patches  of  both  colours,  although  irregular  in 
outline,  had  a  general  longitudinal  elongation,  whereby  a  slight 
approximation  to  stripes  resulted.    This  appearance  waa  mote 
evident  on  the  dorsal  than  on  the  ventral  aspect,  where  it  was 
lost  in  the  general  mottling  due  to  the  smaller  size  of  the 
patches.     On  the  whole  of  the  ventral  aspect  a  shade  of  yellow 
was  added  to  the  whiter  hair,  and  this  was  the  more  noticeable 
since  on  the  belly  there  was  a  preponderance  of  light  hair  at 
any  rata      On  the  throat,  where  the  light  and  dark  patches 
attained  their  largest  size,  the  former  having  a  slight  tinge  of 
yellow,  they  did  not  present  any  longitudinal  elongation.    On 
the  sides  of  the  neck,  the  dark  patches  predominated 

On  the  chest,  between  the  anterior  flippers,  there  was  a  more 
uniform  dark  grey,  and  similarly  over  the  face  and  muzzle, 
where  the  mottled  character  was  very  indistinct.  The  anterior 
flippers  were  dark  silver-grey  on  their  dorsal  surfaces,  becoming 
a  mottled  pale  yellow  towards  their  radial  border&  On  their 
under  surfaces  they  were  similarly  marked,  but  were  paler  along 
the  ungual  margins.  The  hair  did  not  quite  extend  to  the  free 
extremities  of  the  claws. 

The  hind  flippers  differed  from  each  other  in  their  general 
appearances.  The  right  one  was  much  darker  than  the  left, 
which  was  not  only  the  paler,  but  also  the  more  mottled  of  the 
two.  The  right  one  was  shaded  from  velvety  black  witib 
occasional  white  points,  to  mouse-grey  with  brown  points.  The 
hair  of  both  hind  limbs  extended  some  distance  beyond  ibe 
free  extremities  of  the  claws. 

The  yalue  of  the  foregoing  account  in  much  increased  by  oontrastiDg 
it  with  the  descriptions  of  four  individuals  of  the  same  species,  re- 
corded by  Sir  WiUiam  Turner  in  his  memoir  on  the  '' PlacentatioB 
of  the  Seals." ^  These  specimens  included:  (1)  an  adult  female, 
"  which  measured  6  feet  11  inches  from  the  tip  of  the  nose  to  the  tip 
of  the  tail";  (2)  her  foetus — a  male — which  measured  19  inches 
between  the  same  points;  (3)  a  young  male,  4  feet  7  inches  long; 

^  **Placentatioii  of  the  Seals,"  Trans.  Bay.  Soc  JSdin.,  toI.  mrii.  pp.  288>289. 
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and  (4)  a  joimg  live  male,  nearly  five  months  old.  Of  the  female, 
Sir  Wm.  Turner  says,  "  The  hairy  coat  of  the  mother  was  lead-grey 
in  colour  on  the  back  of  the  body  and  head,  but  on  the  back  of  the 
fore  and  hind  limbs  and  at  the  sides  of  the  neck  the  general  tint 
was  white  with  black  spots.  The  belly  also  was  white,  and  marked 
with  numerous  irregular  black  spots."  In  the  case  of  the  young 
male,  shot  at  the  same  time  as  the  last,  there  was  a  different  colora- 
tion of  the  hair.  "  The  top  of  the  head  and  the  back  of  the  body 
were  brown,  interspersed  with  grey  irregular  patches;  down  the 
middle  of  the  forehead  was  a  dark  brown  stripe,  with  a  lighter  brown 
stripe  on  each  side.  The  belly  was  ash-coloured,  with  brownish  spots 
at  the  sides  and  anal  end." 

The  young  live  male  was  "  slate-grey  coloured  on  the'  back,  with 
scattered  black  spots,  irregular  both  in  size  and  shape.  When  the 
skin  was  wet,  the  alate-grey  tint  was  darker  than  when  dry.  The 
muzzle  was  a  lighter  shade  of  grey.  The  belly  was  whitish-yellow, 
with  irregular  black  spots.  The  grey  colour  of  the  back  and  the 
whitish-yellow  of  the  belly  shaded  into  each  other  along  the  sides  of 
the  animal,  where  the  black  spots  were  more  numerous  than  on  the 
back  or  belly." 

The  foetus,  again,  "was  covered  with  straight  stiffish  hairs,  the 
longest  of  which  were  about  half  an  inch  in  length,  and  neither  woolly 
nor  fur-like.  The  hairy  coat  was  yellowish-fawn-coloured,  streaked 
with  dark  grey  bands  and  spots.  The  hairs  were  firmly  adherent  to 
the  skin,"  and  when  pulled  out  "  no  under  coat  of  wool  was  to  be 
seen." 

Further,  it  appears  that  "  when  just  bom,  the  hair  on  the  back  and 
belly  is  yeUowish-white,  streaked  with  some  faint  grey  stripes  down 
the  back.  At  the  end  of  a  week  the  hair  is  whiter  than  when  newly 
born." 

An  analysis  of  these  various  statements  and  their  comparison 
with  the  haiiy  coat  in  the  grey  seal  now  under  description  would 
seem  to  show  that  there  is  a  distinct  tendency  for  the  animal 
to  darken  with  age,  owing  to  the  development  of  dark  patches, 
which  have  usually  a  black  centre.  At  the  same  time,  the 
ventral  aspect  remains  much  lighter  than  the  dorsal  aspect, 
thereby  suggesting  a  distinctly  fish-like  character. 

On  the  whole,  we  may  consider  the  male  to  be  decidedly 
darker  than  the  female,  more  especially  along  the  sides  of  the 
neck  and  body. 

Length  of  the  Haib. 

Over  the  general  surface  of  the  body  the  hairs  had  an  average 
length  of  from  ^  to  f  of  an  inch,  but  were  shorter  in  the  regions 
of  the  face  and  muzzle,  and  longer  towards  the  claw&    On  the 
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dry  parts  of  the  dorsum  of  the  body  the  tips  of  the  hairs  curled 
upwards  and  forwards  towards  the  head.  There  was  no  fur 
between  the  hairs. 

Chabactbbs  of  the  Haib. 

The  individual  hairs  were  twisted  longitudinally,  and  appar- 
ently flattened.  They  were  coloured  after  the  manner  of  a 
porcupine-quill,  being  banded  or  segmented  in  light  and  dark 
portions.  Frequently  the  hairs  from  a  dark  patch  were  light- 
coloured  at  their  roots,  and  conversely  the  hairs  from  the  lightest 
patches  were  dark  at  their  roots.  Occasionally,  hairs  were  seen 
coloured  in  three  segments.  Dark  patches  presented  a  number 
of  hairs  with  white  tips,  and  light-coloured  patches  showed  a 
certain  number  of  hairs  with  dark  tips,  and  hence  the  tone  oi 
colour  resulting  from  the  fusion  of  light  and  dark  patches  was 
the  result  of  the  proportionate  mixture  of  light  and  dark 
coloured  tips,  with  the  addition  of  a  yellow  tone  where  that 
shade  of  colour  was  found. 

Microscopic  Examination  of  the  Hairs. 

In  order  to  obtain  transverse  sections  which  would  be  trust- 
worthy, I  had  a  rectangular  metal  framework  constructed,  on 
the  opposite  edges  of  which  two  slight  notches  were  cut  at  points 
exactly  corresponding  in  position.  A  small  pencil  of  hairs  was 
laid  across  the  framework,  and  occupying  the  two  notches. 
These  hairs  were  fixed  by  clamping  them  down  with  another 
metal  frame,  slightly  larger  than  the  first.  The  whole  apparatus 
was  then  embedded  in  melted  paraffin.  Afterwards,  the  metal 
frame  was  cut  out  of  the  paraffin  mass,  and  the  small  block  con- 
tainii^  the  hairs  was  carefully  removed  from  the  interior  of  the 
frame.  Thereafter  this  block  of  paraffin  was  fixed  upon  a 
microtome,  and  the  sections  cut  and  mounted  in  the  usual 
way. 

Towards  their  free  ends  the  hairs  tapered  to  a  fine  pointy  but 
sections  taken  from  about  the  middle  of  their  length  presented 
a  very  remarkable  amount  of  flattening.  In  the  matter  of 
absolute  size  the  sections  varied  very  little,  whereas  in  regard  to 
the  relation  of  the  short  diameter  to  the  long  diameter  the  pro- 
portion was  fairly  uniform,  and  in  the  ratio  of  1  to  5.    Taking 
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the  short  diameter  as  the  width  of  the  section  and  the  long 
diameter  as  its  length,  the  index  was  obtained  as  follows: — 

width  X 100     .    , 
.^^^. —  =  mdex. 
length 

As  the  result  of  several  measurements,  the  average  index  was 
20.  In  view  of  the  fact  that  an  index  of  100  would  represent 
a  perfectly  cylindrical  hair,  it  will  be  seen  that  the  hairs  under 
consideration  were  so  very  elliptical  that  they  might  be  spoken 
of  as  flat  This  character  appears  more  distinctly  when  we 
contrast  the  above  index — 20 — with  the  lowest  index  recorded 
by  Topinard^  for  the  human  hair,  by  whom  the  index  of  five 
Papuans  is  given  as  40,  and  the  lowest  human  indices,  which 
were  those  of  two  individual  Papuans,  viz.,  34  and  28. 

In  the  white  hairs  there  was  only  a  faint  amount  of  pigment, 
forming  a  linear  streak  lying  in  the  long  axis  of  the  hair-section ; 
but  in  the  dark  hairs  pigment-granules  were  scattered  irregularly 
and  uniformly  throughout  the  entire  section,  the  only  colourless 
part  being  the  double  contour  line  formed  by  the  surface  epithe- 
lium. 

^  Topinard,  ^Ununta  cPAnthropologie  Q4ner(Ue,  1885,  p.  278. 


{Tote  concluded  in  the  n^ext  Number.) 


ON  THE  HOMOLOGY  OF  THE  DUMB-BELL4SHAPED 
BONE  IN  THE  ORNITHOEHYNCHUS.  By  Johnsou 
Symington,  M.D^  RRS.E.,  Professor  of  Anatomy,  Queen*8 
College,  Belfast, 

(Read  in  the  Section  of  Anatomy  and  Physiology  of  the  Boyal  Aoademy  of 

Medkine  in  Ireland,  January  24,  1896.) 

Although  this  curious  little  bone,  situated  in  the  snout  of  the 
duck-mole,  has  been  examined  and  described  by  various  anato- 
mists, its  homology  is  still  disputed.  The  theories  that  have 
been  advanced  on  this  subject  are,(l)  that  it  represents  the  inner 
parts  of  the  two  intermaxillary  bones ;  (2)  that  it  corresponds  to 
the  prenasal  bone  in  the  pig ;  and  (lastly)  that  it  is  an  anterior 
vomer.  The  first-mentioned  view  has  been  supported  by 
Eudolphi,  Meckel,  Owen,  Cleland,  Albrecht,  Turner,  and  myself*, 
the  second  by  Owen  and  Flower ;  and  the  last  by  J.  T.  Wilson 
and  E.  Broom. 

As  Sir  William  Turner  in  a  paper  i  in  this  Journal  has  given 
the  earlier  literature  on  the  homology  of  the  dumb-bell  bone, 
and,  in  my  opinion,  has  effectually  disposed  of  the  prenasal 
theory,  it  is  unnecessary  for  me  to  refer  to  these  aspects  of  the 
question.  It  may,  however,  be  noted,  that  Sir  Eichard  Owen,  in 
his  article  "  Monotremata  *'  in  the  Cydoposdia  of  AncUomy  and 
Physiology,  originally  supported  the  intermaxillary  theory,  but 
subsequently  abandoned  it,  and  in  his  Comparative  Anatomy  of 
the  Vertebrates  adopted  the  prenasal  view;  while  Sir  William 
Flower,  after  the  publication  of  Turner's  paper,  gave  up  the 
prenasal  in  favour  of  the  intermaxillary  theory  (see  Flower  and 
Gadow,  Osteology  of  the  Mammalia,  3rd  edition,  1885,  p.  244). 

The  dumb-bell-shaped  bone  is  of  small  size,  its  total  lengtb 
being  on  a  average  about  8  mm.,  the  greatest  transverse  diameter 
of  the  anterior  nodule  4  mm.,  and  of  the  posterior  6  mm.,  while 
the  isthmus  is  only  1  mm.  across.  Further,  it  is  not  firmly  fixed 
to  any  of  the  other  skull  bones.  The  determination  of  its 
precise  relations  by  the  ordinary  methods  of  dissection  is,  there- 

^  ''The  dumb'bell-shaped  bone  in  the  palate  of  Omithorhynchus  comjMred 
with  the  prenasal  bone  in  the  pig,"  Jowr,  AnaL  amd  Phys.,  voL  xiz. 
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fore,  attended  with  coBsiderable  difficulty,  and  can  only  be 
thoroughly  investigated  when  these  methods  are  supplemented 
by  serial  section  and  microscopic  examination. 

In  1891, 1  published  a  paper  ^  in  which  the  description  of  the 
bone  was  maiuly  based  upon  a  study  of  serial  sections ;  and 
Professor  J.  T.  Wilson  and  Dr  C.  J.  Martin  in  1893,^  and 
Professor  Wilson  in  1894,*  extended  our  knowledge  of  the  form 
and  relations  of  this  bone  by  a  very  thorough  and  accurate 
description  of  the  cartilaginous  and  osseous  framework  of  the 
snout  of  the  Omithorhynchus.  All  these  papers  were  accom- 
panied by  illustrations,  so  that  we  now  possess  the  necessary 
data,  so  far  as  the  anatomy  of  the  dumb-bell  bone  is  concerned, 
to  enable  us  to  compare  it  with  the  osseous  elements  of  the 
anterior  part  of  the  face  of  the  other  mammalia. 

The  dumb-bell  bone  consists  of  two  lobes,  anterior  and 
posterior,  united,  when  seen  from  below,  by  a  narrow  isthmus, 
and  Wilson  describes  a  small  forked  process,  projecting  back- 
wards from  the  posterior  lobe,  which  he  terms  the  vomerine 
spur.  The  isthmus  is  bounded  laterally  by  the  naso-palatine 
foramina.  The  ventral  surface  of  the  anterior  lobe,  the  isthmus 
and  the  anterior  part  of  the  posterior  lobe,  are  covered  simply 
by  the  oral  mucous  membrane  and  submucous  tissue,  but  behind 
these  parts  the  bone  becomes  separated  from  the  oral  mucous 
membrane  by  a  layer  of  cartilage.  On  this  point  I  vnrote  as 
follows : — 

"  In  the  greater  part  of  its  extent  the  bone  is  covered  on  its  oral 
aspect  by  mucous  membrane  and  a  thin  layer  of  submucous  tissue, 
but  near  its  posterior  extremity  also  by  a  layer  of  cartilage.  This  is 
effected  by  an  extension  inwards  to  the  middle  line  of  the  plates  of 
cartilage  which  at  the  naso-palatine  foramina  lie  external  to  these 
openings  "  (op.  city  p.  581). 

Professor  Wilson  has  specially  emphasised  the  morphological 
importance  of  this  relation  of  the  bone,  and  has  also  shown  that 

1  *'  On  the  Nose,  the  Organ  of  Jacobson,  and  the  dumb-bell-shaped  Bone  in  the 
Omithorhynchus,"  Proc,  Zool,  Soc,  o/Londorit  1891,  No.  xxxix. 

*  *' Obeervations  upon  the  Anatomy  of  the  Muzzle  of  the  OmithorhyDchus,'* 
MaeUay  Memorial  Volu/me^  Sydney,  N.S.  W. 

*  "  Observations  upon  the  Anatomy  and  relations  of  the  dumb-bell-shaped  Bone 
in  Omithorhynchus,  with  a  new  theory  of  its  homology,  &c.,"  iVoe.  Linnean 
Soc.  of  New  South  Wales,  1894. 
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it  is  prolonged  on  the  dorsal  aspect  of  the  palatine  plates  of  the 
maxiUse,  and  that  its  vomerine  spur  extends  backwards  in 
relation  to  the  ventral  edge  of  the  cartilaginous  nasal  septom 
above  the  intemasal  passage,  and  within  about  2  mm.  of  the 
vomer.  The  extremities  of  the  bifid  vomerine  spur  are  con- 
nected with  the  vomer  by  bilateral  vomerine  ligaments  (Wilson). 


^  3  3 

Fio.  1. — Coronal  sections  through  the  dumb-bell-shaped  bone  and  adjacent 
cartilage  x  8. 

A,  through  middle  of  anterior  lobe ;  B,  through  isthmus ;  C,  through  middle 
of  posterior  lobe. 

1,  septal  nasal  cartilage ;  2,  cartilage  investing  Jacobson's  organ  ;  8,  dumb- 
bell-shaped bone. 

The  anterior  end  of  the  dumb-bell  bone  is  flattened  from 
above  downwards,  but  in  the  greater  part  of  its  extent  the  bone 
possesses  a  well-marked  median  dorsal  ridge.  This  ridge  begins 
on  the  anterior  lobe,  and  opposite  the  naso-palatine  foramina  is 
already  well  marked.  Its  dorsal  edge  divides  into  two  latenl 
processes,  so  that  on  coronal  section  the  bone  appears  as  two 
crescents  with  their  convexities  directed  inwards,  while  tiie 
external  concave  surf£U3e  on  each  side  lodges  the  inner  part  of 
the  cartilage  of  Jacobson's  organ.  The  lower  or  ventral  hoins 
of  the  crescent  are  very  slightly  marked  opposite  the  naso- 
palatine foramina  (see  B,  fig.  1),  but  about  the  middle  of  the 
posterior  lobes  both  upper  and  lower  horns  are  well  developed, 
and  reach  fully  half-way  round  the  cartilage  of  Jacobson's  org^n. 
The  dorsal  aspect  of  the  bone  possesses  a  median  depression, 
which  serves  for  the  lodgment  of  the  ventral  edge  of  the 
cartilaginous  nasal  septum.  The  fusion  of  the  lateral  hcdves  of 
the  dumb-bell  bone  is  by  no  means  complete.  In  my  specimen, 
an  adult  female,  they  are  united  as  far  back  as  the  naso-palatine 
foramina,  in  such  a  way  that  no  trace  of  a  median  suture  can  be 
detected.    Opposite  the  posterior  part  of  the  isthmus  a  median 
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fissure  appears  in  the  bone.  This  fissure  begins  on  the  ventral 
aspect,  but  is  soon  complete,  so  that  the  posterior  lobes  consist 
of  two  distiact  lateral  halves  united  merely  by  fibrous  tissue. 

The  question  of  the  homology  of  this  bone  must  now  be  con- 
sidered. As  already  stated,  only  two  views  need  be  noticed 
here,  viz.,  the  prerruzxillary  and  the  vomerine.  According  to  the 
former,  "  In  its  position  and  relations  it  corresponds  with  that 
part  of  the  intermaxilla  which  lies  between  the  incisive  canal 
and  the  mesial  palatine  suture  "  (Turner).  This  is  the  part  of 
the  premaxilla  termed  the  mesial  palatine  process,  or  the  process 
of  Stenson.  Professor  Wilson  has  brought  forward  various 
objections  to  this  view,  and  contends  that  the  dumb-beU-shaped 
bone  "is  a  true  'anterior  vomer,'  formed,  of  course,  by  the 
fusion  of  two  bilaterally  symmetrical  halves  "  {op.  dt.,  p.  138). 
He  further  holds  that  both  in  its  palatine  and  in  its  nasal 
relations  it  corresponds  to  the  palatine  lobes  of  the  vomer 
described  by  Professor  Howes  ^  as  existing  in  Caiman  niger. 
The  situation  of  the  dumb-bell-shaped  bone  in  the  palate 
internal  to  the  naso-palatine  foramina  and  the  close  relation  of 
this  bone  to  the  organ  of  Jacobson  are  important  points  in 
favour  of  its  homology  with  the  mesial  palatine  processes  of  the 
premaxillfie  of  the  mammalia,  but  the  grounds  on  which  Wilson 
objects  to  the  premaxillary  theory  are  deserving  of  careful  con- 
sideration. In  order  to  appreciate  their  force,  it  is  convenient 
to  regard  the  dumb-bell  bone  as  consisting  of  a  ventral  portion 
more  or  less  fiattened  dorso-ventrally,  which  may  be  termed  the 
palatine  plate,  and  a  dorsal  part  which  forms  a  vertical  lamella, 
and  enters  into  the  formation  of  the  nasal  septum,  although  it 
must  be  distinctly  understood  that  these  two  parts  are  directly 
continuous  with  one  another,  and  show  no  indications  of  a  line 
of  separation. 

The  palatine  plate  of  the  dumb-bell  bone  does  not,  according 
to  Wilson,  lie  in  the  same  morphological  plane  with  the 
maxillary  palate,  because  its  hinder  end  is  covered  ventrally  by 
the  cartilage  of  the  nasal  fioor.  This  does  not  appecu:  to  me  to 
be  a  cogent  reason.    The  amount  of  bone  covered  in  this  way  is 

^  *'  On  the  probable  existence  of  a  Jacobson's  Organ  among  the  Crocodilia,  with 
ol>8ervation8  npon  the  skeleton  of  that  animal  in  the  Mammalia,"  iVoc  Zaol, 
Soc  oflAmdim,  Feb.  1891. 
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alight,  and  amounts  to  little  more  than  an  overlapping  of  the 
bone  bj  cartilage.    Further,  Wilson  and  Martin  have  shown 
that  the  two  laige  bones  admitted  to  be  premaxillarj  elements, 
which  are  situated  in  the  lateral  parts  of  the  beak,  and  articalats 
poeteriorlj  with  the  maxillae  and  nasals,  are  traversed  by  the 
plate  of  cartilage  forming  the  anterior  and  lateral  portions  of 
the  beak  of    the  Omithorhjnchus.     In   some  situations  this 
cartilage  is  merely  embedded  in  grooves  on  the  outer  and  inner 
borders  of  these  two  premaxillarj  bones,  while  in  other  sitna- 
tions  the  cartilage  goes  completely  through  the  bone,  and  divides 
it  into  a  dorsal  and  a  ventral  portion  (see  Madeay  Memorial 
Volume,  pL  xxiii.  fig.  16).    They  suggest,  I  think  very  justly, 
that  these  premaxillse  are  developed  on  both  the  ventral  and 
dorsal  aspect   of    this  cartilaginous  plate,  which  latter  sub- 
sequently undergoes  partial  absorption.    They  do  not,  however, 
imply  that  each   of  these  premaxillary  bones  represents  two 
distinct  morphological  elements.    It  is  doubtful  if  any  morpho- 
logical significance  can  be  attached  to  this  relation  of  bone  and 
cartilage,  and  this  significance  is  still  more  doubtful  in  connection 
with  the  existence  of  a  layer  of  cai^tilage  on  the  ventral  aspect 
of  the  posterior  end  of  the  dumb-bell  bone. 

Wilson  considers  that  the  prolongation  backwards  of  tJie 
vertical  part  of  the  bone  on  the  dorsal  side  of  the  maxillary 
palate,  and  in  close  relation  with  the  nasal  septum,  is  opposed 
to  the  premaxillary,  and  favours  the  vomerine  view. 

Professor  John  Cleland,  in  his  classical  paper  "  On  the  rela- 
tions of  the  Vomer,  Ethmoid,  and  IntermaxiUary  Bones  "  (PAifo- 
sophiccU  Trans,  of  London,  1861),  describes  the  position  and 
relations  of  the  mesial  palatine  process  of  numerous  mammala 
He  referred  to  various  easels  in  which  this  process  extends,  as  in 
the  dumb-bell  bone,  backwards  on  the  dorsal  aspect  of  the 
maxillary  palatine  plates.  Thus,  in  connection  with  the  sknll 
of  the  Kangaroo,  Cleland  writes  as  follows . — 

"  The  vomer  exhibits  on  each  side  a  peculiar  lateral  ridge,  which 
extends  forwards  from  the  point  where  the  vomerine  lamina  comes 
off  and  articulates  in  front  with  a  very  long  prolongation  backwards 
of  the  mesial  process  of  the  intermaxillaiy  which  extends  between  it 
and  the  maxillary  "  {op.  eit,  p.  302). 

Perhaps  the  most  striking  illustration  of  the  backward  pro- 
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longation  of  the  mesial  palatine  process  of  the  premaxilla  ou  the 
dorsal  aspect  of  the  maxillary  palatine  process  is  to  be  found  in 
the  Tasmauian  wolf  {Thylacinua  cynocephalus).  In  an  adult 
aknll  of  this  animal,  kindly  placed  at  my  disposal  by  my 
colleague  Professor  R  0.  Cunningham,  the  total  length  of. the 
mesial  palatine  process  is  55  mm.,  and  the  portion  on  the  dorsal 
aspect  of  the  maxillary  palatine  process  is  42  mm.  long.  lu 
Flower's  Ostedogy  of  the  Mammalia,  3rd  ed,  p.  236,  there  is  an 
illustration  of  a  median  section  of  a  skull  of  this  marsupial 
which  shows  very  well  this  relation  of  the  median  palatine 
process,  but  is  misleading  in  so  far  as  its  relation  to  the  vomer 
is  concerned,  since  it  represents  the  posterior  end  of  the  process 
overlapping  the  dorsal  edge  of  the  anterior  end  of  the  vomer. 
This  is  not  the  case.  The  two  mesial  palatine  processes  form  a 
median  dorsal  fnrrow  which  anteriorly  lodges  the  septal  nasal 
cartil^e,  and  near  its  posterior  end  the  anterior  portion  of  the 
ventral  edge  of  the  vomer. 

Figs.  2  and  3  are  taken  from  a  series  of  coronal  sections 
throi^h   the  snout  of   a  ponch  specimen  of   Macn^nia  major. 


^    , 


Fio.  2. — Coronsl  aection  of  Snont  of  ifan-optM  irnv'tT,  immodislely  behind  naso- 
paUtine  daci  1,  uptal  nasal  duct ;  2,  c&rtitage  or  Jacobson's  oi^n  ;  1,  mesial 
paUtiiie  prooesa  of  premaxitla. 

Fig.  3.— Coronal  aeotion  of  Snont  of  Maeropui  nioj'or,  posterior  to  fig.  2.  8, 
vomer ;  5,  palatine  proceea  of  maiilla  ;  other  letters  aa  id  fig,  2. 

They  illustrate  the  relations  of  the  mesial  palatine  processes  to 
tbe  palate,  nasal  septum,  oi^an  of  Jacobeou,  and  vomer.  Fig.  2 
IB  just  posterior  to  the  naao-palatine  duct,  and  shows  the  dorsal 
extension  of  the  process,  internal  to  the  organ  of  Jacobson, 
towards  the  nasal  septum.  In  fig.  3,  which  is  taken  from  a 
section  further  back,  the  maxillary  palatine  processes  are  seen 
oil    the  ventral  side  of  the  mesial  palatine  processes,  while  the 
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lateral  lamellse  of  the  vomer  appear  between  the  ktter  and  the 
septal  cartilage.  It  may  be  noted  that  the  vomer  is  not  leally 
composed  of  two  separate  halves,  as  sections  still  farther  back 
show  it  to  be  a  single  bone  embracing  the  ventral  edge  of  the 
nasal  septum. 

The  backward  extension  of  the  mesial  palatine  procesB  on 
the  dorsal  aspect  of  the  maxillary  palatine  plate  is  not  found  in 
all  the  Marsupialia ;  thos,  in  a  skull  of  Phascolarctos  in  my 
possession  it  terminates  almost  directly  opposite  the  anterior 
edge  of  this  palatine  plate.  On  the  other  hand,  in  a  number  of 
Eutherian  mammals  the  posterior  part  of  the  mesial  palatine 
process  will  be  found  covered  ventrally  by  the  maxillary  palatine 
process.  In  none  of  them,  however,  do  they  appear  to  do  bo  to 
the  extent  found  in  the  Thylacinus. 

An  interesting  modification  in  this  tendency  of  the  posterior 
part  of  the  mesial  palatine  process  to  disappear  from  the  oral 
aspect  of  the  hard  palate  is  foimd  in  the  Armadillos,  as  in  these 
animals  the  lateral  palatine  plates  of  the  premaxillaries  extend 
inwards  so  as  to  meet  in  the  median  plane  on  the  ventral  side  of 
the  mesial  processes.  This  is  shown  in  fig.  4,  representing  a 
coronal  section  through  the  snout  of  a  peba  armadillo. 


Fio.  4.— Coronal  section  of  Snout  of  Peba  Armadillo  opposite  Jaoobm^ 
organ.  1,  septal  nasal  cartilage  ;  2,  cartilage  of  Jacobson's  oigan  ;  S,  vomer ;  4, 
mesial  palatine  process  of  premazilla  ;  5,  lateral  palatine  process  of  premazillv 

From  these  facts  it  is  evident  that  the  objection  urged  agsufll 
the  premaxillary  theory  by  Wilson,  on  the  ground  that  the 
posterior  part  of  the  dumb-bell-^aped  bone  is  situated  on  the 
dorsal  side  of  the  maxillary  palatine  plates,  is  not  valid. 

As  a  rule,  in  mammals,  the  vomer  extends  forwards  so  as  to 
articulate  with  the  premaxiUaries,  the  mesial  processes  of  the 
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latter  forming  a  median  groove  for  the  lodgment  of  the  vomer. 
In  the  Omithorhynchus  this  is  not  the  case,  as  the  dunib-bell 
bone  is  entirely  anterior  to  the  vomer,  and  is  not,  as  Turner 
supposed,  "  inferior  to  the  vomer,  and  fused  with  its  lower  border." 
This  arrangement,  however,  is  by  no  means  peculiar  to  the 
Omithorhynchus. 

The  two  premaxillary  bones,  in  mammals  generally,  exhibit 
very  little  tendency  to  become  united  by  the  ossification  of  the 
intervening  connective  tissue,  whereas  there  is  complete  osseous 
union  of  the  anterior  lobes  of  the  dumb-bell-shaped  bone.  In 
the  3-toed  sloth,  however,  the  tendency  to  fusion  of  the  two 
lateral  elements  is  more  marked  than  in  the  duck-mole ;  for  not 
only  is  there  a  single  osseous  nodule  in  the  adult  to  represent 
the  two  premaxillary  bones,  but  I  have  recently  found  from  an 
examination  of  a  foetal  specimen  that  it  is  ossified  from  a  single 
centre. 

If  the  premaxillary  homology  of  the  dumb-bell  bone  be  true, 

the  Omithorhynchus  is  unique  amongst  mammals  in  having  its 

premaxillary  bone  permanently  divided  into  two  distinct  portions 

— a  mesial  and  a  lateral    It  is  worthy  of  note,  however,  that  in 

the  3-toed  sloth  only  the  mesial  portion  of  the  bone  is  developed, 

while  in  certain  bats  only  the  lateral  part  is  formed.    I  consider 

that  the  evidence  in  favour  of  the  homology  of  the  dumb-bell 

bone  of  the  Omithorhynchus  with  the  mesial  palatine  processes 

of  the  premaxillae  of  ordinary  mammals  is  conclusive ;  but  the 

question  now  arises.  Ought  these  mesial  processes  to  be  regarded 

as  portions  of  the  premaxillary  bones,  or  should  they  be  referred 

to  the  vomerine  series,  and  called  "anterior  vomers"?    The 

evidence   that  has  been  advanced  in  support  of  their  being 

**  anterior  paired  vomers  "  is  based  upon  the  belief  that  they  are 

formed  from  centres  of  ossification  distinct  from  those  forming 

tlie  main  portions  of  the  premaxillae,  and  also  upon  data  derived 

from  comparative  anatomy. 

The  late  Professor  W.  K.  Parker  appears  to  have  been  one  of 
tlie  first  morphologists  to  describe  the  existence  of  osseous 
elements  in  the  snout  of  various  mammals  which  he  regarded  as 
anterior  paired  vomers.  Frequent  references  to  anterior  vomers 
and  palatine  processes  of  the  premaxillae  will  be  found  in  his 
xaonographs  "On  the  structure  and  development  of  the  Skull 
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in  the  Mammalia  "  (pt  iL,  Edendata,  and  pt.  iiL,  Insecti^oia,  PhSL 
Trans.,  1886);  but,  as  Professor  Howes  has  shown, "  he  was  unable 
to  draw  a  sharp  distinction  between  the  palatine  processes  o! 
the  premaxillse  and  his  anterior  paired  (or  lateral)  vomei&"  As 
a  rule,  when  the  process  is  short,  he  appears  to  regard  it  simply 
as  a  process  of  the  premaxillse ;  when  long,  it  is  called  an  anterior 
vomer;  while  in  some  cases,  as  for  instance  in  the  mole,  he 
regards  the  process  as  nudnlj  premaxillary,  for  the  antero- 
lateral vomers  ''have  a  very  temporary  and  doubtful  existence 
independent  of  these  processes  of  the  prema:dllaries  "  (op.  cH,,  pc 
179). 

The  ossification  of  the  whole  or  of  the  posterior  part  of  tk 
mesial  palatine  process  from  an  independent  centre  has  not  yet 
been  satisfactorily  demonstrated  except  in  a  few  inBtAncffl,  I 
will  not  attempt  to  discuss  here  the  extensive  literature  bearing 
on  the  number  of  centres  from  which  the  premaxillary  bone  is 
formed,  but  may  state  that  Dr  F.  Schwink^  made  complete 
serial  sections  of  the  snout  of  embryos  of  various  mammals,  and 
in  only  one  case,  that  of  a  sheep  48  mm.  long,  did  he  find  the 
centre  for  the  palatine  process  separate  from  the  body  of  the 
bona  Schwink  very  properly  points  out  that  it  is  easy  to  make 
sections  showing  the  palatine  process  separate  from  the  bodyi 
and  that  a  complete  series  must  be  examined  to  detenuine 
whether  or  not  it  is  really  an  independent  centre. 

I  think  it  must  be  admitted  that  the  mesial  palatine  process 
is  generally  formed,  at  least  in  part,  as  a  process  from  the  body 
of  the  premaxilla;  and  even  although  its  posterior  part  isaj 
sometimes  be  developed  from  a  separate  centre,  Hiis  is  a  veiy 
slender  basis  on  which  to  assume  that  it  represents  an  mdepeor 
dent  morphological  element  of  the  skull  The  separate  centre, 
if  it  exists,  shows  a  remarkable  tendency  to  fuse  very  quickly 
with  the  body  of  the  premaxillary  bone.  In  the  entire 
mammalian  series  there  is  no  animal,  so  far  as  I  am  aware,  in 
which  the  mesial  palatine  process  &ils  to  unite  with  the  body  of 
the  premaxilla  should  the  latter  be  present  Again,  there  is  no 
evidence  that  it  fuses  with  the  vomer  so  as  to  prolong  that  bone 
downwards  and  forwards  to  the  hard  palate  in  the  region  of  the 
naso-palatine  foramen.    The  vomer  does^  as  Cleland  has  shoivii, 

^  Ueber  den  Zwischenkitfer  wid  ieine  NaMarorgane,  MUnehcmj  1888. 
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oocasionallj  appear  iu  the  hard  palate,  but  these  cases  are 
obviously  due  to  imperfect  development  of  the  palatine  plates  of 
the  maxillse  or  palates.  The  most  important  evidence  from  the 
sub-mammalian  vertebrata  that  has  yet  been  advanced  in  favour 
of  the  vomerine  nature  of  the  median  palatine  process  is  con« 
tained  in  a  suggestive  paper  ^  by  Professor  G.  B.  Howes.  He 
shows  that  in  an  Alligator  of  Inter-Tropical  America,  Caiman 
nigcTy  the  vomer  appears  in  the  hard  palate,  so  as  to  be  visible 
from  below  between  the  premaxillo-maxillary  sutures,  where 
they  are  ''inflated  and  bullate.''  In  the  other  Crocodilia  the 
vomers  do  not  reach  so  far  forwards  as  in  the  black  caiman,  and 
Howes  found  evidence  that  in  them  the  vomer  had  shortened  up. 
It  was  relatively  long  in  young  specimens,  and  in  older  animals 
a  more  or  less  powerful  vomerine  ligament  passed  from  the 
anterior  end  of  the  vomer  towards  the  place  of  meeting  of  the 
premaxillo-maxiUary  sutures  where  it  blended  with  the  perios- 
teum. In  a  young  Alligator  misaissippieTisis  he  found  two  small 
foramina  occupying  very  nearly  the  position  of  the  palatine 
lobes  of  the  Caiman  niger.  Within  the  embrace  of  these 
foramina  he  discovered  a  couple  of  small  sacs  with  fibro- 
cartilaginous walls,  and  containing  a  "  soft  ( ?  vascular)  lining." 
There  were  no  communications  between  these  sacs  and  either 
the  nose  or  mouth,  and  Howes  concluded  from  their  position 
that  they  were  vestiges  of  Jacobson's  organs.  As  these  sacs 
occupied  a  position  closely  corresponding  to  the  palatine  lobes 
of  Caiman  niger^  and  as  the  mammalian  palatine  processes  of 
the  premaxilke  partly  ensheath  Jacobsou's  organs,  Howes 
considers  that  we  are  justified  in  regarding,  at  least  provisionally, 
these  two  processes  as  one  and  the  same  element 

A  critical  examination  of  the  observations  and  suggestions 
made  by  Howes  will  show  that  the  proofs  he  advances  in 
support  of  his  theory  as  to  the  homology  of  these  two  elements 
Axe  by  no  means  conclusive.  The  degree  to  which  the  vomer 
e3:tends  forwards,  and  the  mesial  palatine  process  backwards, 
varies  considerably  in  different  mammals,  and  Howes  shows  that 
tbia  is  also  the  case  in  the  Crocodilia.    Thus  in  Caima/n  niger 

^  '  *  On  the  probable  existence  of  a  Jacobeon's  Organ  amongst  the  Crocodilia, 
ivlth  observations  upon  the  skeleton  of  that  organ  in  the  Mammalia,"  Froc  Zool, 
Soc  ofLondau,  Feb.  18dl. 
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the  mesial  palatine  process  is  absent,  while  the  anterior  end  of 
the  vomer  is  large,  and  forms  what  Howes  terms  its  palatine 
lobe.     In  GrocodiLus  palustriB  the  vomer  does  not  appear  on  &e 
oral  aspect  of  the  palate,  but  the  mesial  palatine  process  fonns 
a  spur  of  bone  which  is  relatively  larger  in  old  than  young 
specimens,  and  overlaps  dorsaUy  the  maxilla.    Howes  regards,  I 
think  correctly,  the  vomerine  ligament  in  Crocodilus  palustris  as 
a  proof  of  the  shortening  up  of  the  vomer,  and  he  considers  the 
mesial  palatine  process  of  its  premaxilla  as  a  mere  secondary  out- 
growth, having  little  if  anything  to  do  with  the  palatine  process 
as  ordinarily  understood.    There  seems  to  be  no  proof  in  faTour 
of  the  view  that  the  palatine  lobe  becomes  detached  from  the 
vomer  and  joins  the  premaxilla,  and  it  appears  much  more  natural 
to  assume  that  the  appearance  of  the  vomer  in  the  palate  of 
Caiman  niger  is  to  be  correlated  with  the  imperfect  development 
of  the  palatine  processes  of  the  premaxillse.    Various  examples 
are  found  in  the  skull  of  an  element  appearing  in  places  where 
it  is  usually  absent,  this  appearance  being  connected  vdth  its 
increased  growth  and  the  associated  atrophy  of  the  neighbouring 
elements. 

The  existence  of  a  vestige  of  Jacobson's  organ  in  connection 
with  the  palatine  lobe  of  the  vomer  in  Caiman  niger,  which  con- 
stitutes one  of  the  main  grounds  on  which  Howes  homologises 
this  lobe  with  the  mesial  palatine  process  of  the  premaxilla  of 
mammals,  seems  to  me  to  be  somewhat  problematic  Howes 
had  no  opportunity  of  ascertaining  whether  or  not  there  was  a 
rudiment  of  a  Jacobson's  organ  in  Caiman  niger,  as  he  did  not 
possess  a  spirit  specimen,  while  the  sac  he  found  in  AUigaior 
mississippiensis  was  exposed  by  ordinary  dissection,  and  its  rela- 
tions and  structure  were  not  determined  by  microscopic  section 
of  this  organ  in  situ.  The  view  that  this  sac  was  a  rudiment  of 
Jacobson  s  organ  must  be  accepted  with  reserve,  since  nearly 
all  those  who  have  searched  for  a  Jacobson's  organ  in  embiyo 
crocodiles  have  failed  to  find  any  trace  of  it.  It  must  he 
admitted,  however,  that  Dr  C.  P.  Slinter  ^  has  demonstrated  its 
existence  in  the  embryo  of  Crocodilvs  porosus.  Even  were  it 
conclusively  demonstrated  that  a  rudimentary  organ  of  Jacobson 
is  situated  in  close  relation  with  the  palatine  lobe  of  the  vomer 

^  "Das  Jacobson'sche  Organ  von  Crocodilas  porosus/'  AnaL  Anuiisf^r^  199%. 
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of  Caiman  mger,  this  would  not  be  coucluBive  proof  of  its 
homology  with  the  mesial  palatine  process  of  the  mammalian 
premaxllla:  the  organ  of  Jacobson  does  not  appear  to  bear  a 
definite  and  constant  relation  to  any  one  osseous  element  of  the 
skull. 

The  fibrous  tissue  found  between  the  vomer  and  the  dumb- 
bellnshaped  bone  in  the  Omithorhynchus,  Wilson  describes 
under  the  name  of  vomerine  ligaments,  and  regards  as  indicat- 
ing the  vomerine  nature  of  the  dumb-bell-shaped  bone.  He 
compares  them  with  the  vomerine  ligaments  described  by 
Howes  in  various  crocodiles,  and  appears  to  regard  them  as  the 
fibrous  representatives  of  the  bone  uniting  two  vomers,  a 
posterior  (vomer)  and  an  anterior  (dumb-bell-shaped  bone). 
According  to  Howes,  the  vomer  of  the  Ichthyopsida  and  lower 
Amniota,  whether  single  or  paired,  is  invariably  a  non-repeti" 
tional  bone  lying  inunediately  behind  the  premaxilla.  In  the 
duck-mole  the  vomer  is  separated  by  a  short  interval  (2  mm.) 
from  the  dumb-bell  bone,  and  it  appears  to  me  more  reasonable 
to  regard  the  vomerine  ligaments  as  an  elongation  of  the  sutural 
ligaments  normally  uniting  the  vomer  and  the  premaxillse, 
rather  than  as  a  vestige  connecting  a  vomer  which  had  become 
divided  into  anterior  and  posterior  portions. 

Dr  R  Broom,  in  a  paper  "  On  the  Organ  of  Jacobson  in  the 
Monotremata,"  which  appeared  in  this  Jownwl^  Oct.  1895, 
assumes  that  the  palatine  processes  of  the  premaxillse  in 
mammals  and  the  dumb-bell-shaped  bone  are  "  anterior  vomers," 
and  the  homologues  of  the  **  vomer  "  in  lizards.  From  Nature^ 
15th  Oct.  1895, 1  find  that  he  read  a  paper  before  the  Linneau 
Society  of  New  South  Wales  on  the  28th  Aug.  1895,  "  On  the 
homology  of  the  palatine  process  of  the  mammalian  pre- 
maxillary,"  but  the  journal  containing  this  communication  has 
not,  so  far  as  I  am  aware,  yet  arrived  in  this  country. 

[NoTB. — Since  Dr  Symington  returned  his  proof  for  press  the 
editors  have  received  (March  23rd,  1896),  through  Dr  Broom's 
courtesy,  a  separate  copy  of  his  paper  referred  to  in  the  above 
paragraph.  In  it  he  accepts  Prof.  Wilson's  view  that  the  "dumb- 
l>ell-diaped  bone  belongs  to  the  vomerine  category,  and  is  no  part 
of  the  premaxillary."  But,  on  the  other  hand,  he  considers  that 
TVUson's  arguments  support  and  do  not  disprove  its  homology  with 
tlie  element  usually  called  '' palatine  process  of  the  premazillary." 
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When  onoe,  he  says,  it  is  leoognised  that  this  paUtine  procees  ''is itself 
a  difltixict  yomer  element  anchyksed,  or  formed  in  connection  with 
the  premaTJIIaTy,  the  difficulty  of  reconciling  the  two  views  at  once 
disappears."  Broom  suggests  the  name  '  prevomer '  as  better  than  an- 
terior vomer,  and  gives  the  following  as  its  chief  synonyms  and  homo- 
logies :  prevomer  =  palatine  process  of  premaxillA  in  mitinnifcia  generally; 
dnmb-bell-shaped  bone  in  Omithorhynchos ;  anterior  vomer  in  Orni- 
thorhynchus  (Wilson)  :  anterior  paired  vomer  in  f cetal  Insectiyora,  kc, 
(Paiker):  prepalatine  lobe  of  vomer  in  Caiman  (Howes):  vomer  in 
Laoertilia  and  Ophidia  (Owen,  Parker,  &c.)] 


WHAT  IS  SIBSON'S  MUSCLE  {Scalenus  pleuralis)^  By 
ProfesBor  Edwabd  Fawcktt,  M.B.  Edin.,  UniversUy  College, 
Bristol. 

According  to  Qmin's  AneUomy,  p.  310,  lines  18-23:— "The 
aealenna  pleoralis  (Sibeon)  consUts  of  fibres  which  arise  from 
the  transverse  process  (?  costal  process)  of  the  seventh  cervical 
vertebra,  and  spread  out  in  the  fascia  Bupportii^  the  cervical 


Fio.  1. — View  of  apex  of  right  pleural  bbc  from  outer  side,  and  above  (-f). 
P,  dismembered  tcaleana  BUticns,  or  ecaUnus  pleuralis,  or  botb.  8A,  scaleniu 
ADticTU ;  8U,  KBlenQH  mediua  ;  SA',  sabcl&vian  artery  ;  P,  Sibeon'a  fascia 
DOTerin^  apex  of  pleura ;  R',  first  rib  ;  (?,  anterior  division  of  8th  cerricBl 
nerre  giving  branch  to  i  D',  anterior  division  of  let  dorsal  nerve ;  LT,  lower 
tmnk  ofbncbial  plains. 

dome  of  the  pleura,  by  means  of  which  they  are  inserted  into 

the  inner  border  of  the  first  rib." 

According  to  Maccdiater^s  Aitaiomy,  p.  316,  lines  23-26 : — 
"  A.  few  spreading  muscular  fascicles,  segmented  from  the  lowest 
origlii  of  the  scalenus  posticus,  are  attached  to  it  (the  fascia 
covering  the  apex  of  the  pleura)." 
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So  far  as  I  know,  these  are  the  only  English  text-books  which 
allude  to  the  presence  of  this  muscle,  and  it  will  be  seen  that 
the  allusion  is  but  slight  in  both. 

Having  myself  often  observed  this  muscle,  or  at  all  events 
something  corresponding  with  it,  I  venture  to  describe  what  I 
have  observed  in  the  last  two  subjects  which  have  come  under 
my  notice,  because  they  have  exhibited  in  a  striking  manner 
structures  and  arrangements  which  indicate  that  this  muscle  is 
perhaps  not  quite  so  simple  as  description  at  present  would  have 
us  believe. 

In  one  subject  the  conditions  were  these : — 

On  lifting  up  the  scalenus  anticus  muscle  and  the  third  part 
of  the  subclavian  artery,  a  long — 2^  inches — muscular  slip  was 
seen  passing  downwards  between  the  subclavian  artery  and  the 
apex  of  the  right  pleural  sac  (?,  fig.  1).  This  muscular  slip, 
when  fully  dissected  out,  was  seen  to  arise  from  the  costal 
process  of  the  seventh  cervical  vertebra,  and  to  be  inserted  into 
the  inner  border  of  the  first  rib  by  tendinous  fibres  near  the 
insertion  of  the  scalenus  anticus ;  but  it  was  not  wholly  inserted 
there ;  many  muscular  fibres  from  its  inner  side  passed  to  the 
fascia  covering  the  apex  of  the  right  pleura,  as  shown  in  fig.  1. 

Behind  this  muscle  lay  the  anterior  primary  division  of  the 
eighth  cervical  and  first  dorsal  nerves,  which  separated  it  from 
the  scalenus  medius  muscle.  According  to  the  above  descrip- 
tions quoted,  this  muscle  is  the  scalenus  pleuralis  of  Sibson,  but 
it  is  a  well  known  fact  that  a  slip  from  the  scalenus  anticus 
muscle  sometimes  passes  behind  the  subclavian  artery ;  and  as 
in  this  case  the  scalenus  anticus  muscle  arose  from  the  costal 
process  of  the  seventh  cervical  vertebra,  the  question  naturally 
arises :  was  this  muscle  the  scalenus  pleuralis  of  Sibson,  or  simply 
this  partially  dismembered  slip  of  the  scalenus  anticus  ?  It  was 
innervated  by  a  branch  of  the  eighth  cervical  nerve. 

If  this  muscle  were  simply  an  anomalous  slip  of  the  scalenus 
anticus,  it  at  least  sent  fibres  to  the  fascia  of  Sibson,  and  so  f&T 
corresponded  with  Sibson's  muscle. 

But  the  second  case  may  throw  some  light  on  the  nature  oi 
this  muscle. 

This  second  example  occurred  in  an  old  male  subject  on  the 
table  at  the  same  time  as  the  one  exhibiting  the  first,  and  in  it, 
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on  perfonnii^  a  aimikr  disaection,  a  muscle  was  found  which 
resembled  the  Brat  in  that  it  lay  behind  the  subclaviaD  artery, 
but  it  differed  from  it  in  having  two  heads  of  origin  and  two 
slips  of  insertion  (6g.  2,  ?). 

One  head  of  origin  arose  from  the  costal  process  of  the  seventh 
cervical  vertebra,  the  other  arose  from  the  neck  of  the  first  rib, 
and  these  heads  of  origin  were  separated  from  one  another  by 
the  anterior  primary  division  of  the  ei^th  cervical  nerve  (vide 


FlQ.  2.— The  right  pleonl  ma  men  from  above  and  the  eater  side  (1).  f,  the 
moBcle  composed  of  slips  A  sad  B.  It  A  the  dismembered  p&rt  of  the 
Bcalenna  anticus,  and  is  B  the  scslenas  plenntlis  )  SA,  KalenQB  nuticos  ;  SU, 
scftleniw  mediiw ;  P,  apoi  of  right  pleara  covered  by  Sibson's  fuoia  ;  S,  unb- 
cIsvianuterytarDednp;  (?,  anterior  priiQar;  division  of  eighth  cerviisil  nerve; 
D*,  aoteriorprimarT  division  of  Gnit  dorsal  nerve ;  LT,  lower  tmnk  of  brachial 
pleziu ;  K',  hrat  rib  ;  Ba,  anterior  slip  of  insertion  ;  p,  posterior  ditto. 

fig.  2).  The  head  from  the  costal  process  of  the  seventh  cervical 
vertebra  was  blended  with  the  lowest  slip  of  origin  of  the 
scalenus  anticus  muscle.  Both  heads  united  to  form  a  belly, 
which  after  a  course  of  an  inch  or  so  again  divided  into  two 
slips  of  insertion.  The  inner  slip  (A,  fig.  2)  was  inserted  mainly 
into  the  inner  border  of  the  first  rib  under  cover  of  the  scalenus 
anticus,  hut  some  fibres  from  its  inner  aide  were  inserted  into 
Sibson's  fascia.  The  outer  slip  (B,  fig.  2)  was  inserted  for  the 
greater  part  into  Sibsou's  fascia,  only  a  few  tendinous  fibres 
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being  prolonged  to  the  first  rib.  We  naturally  ask  otuselYes 
what  is  the  nature  of  this  muscle ;  for  we  have  here  a  muBcle 
which,  arising  bj  two  heads ;  one  in  conjunction  with  the  lowest 
slip  of  the  scalenus  anticus,  the  other  from  the  neck  of  the  first 
rib,  which  is  inserted  by  two  slips,  the  inner  of  which  runs 
mainly  to  the  first  rib,  but  partly  to  Sibson's  fascia,  the  other, 
the  outer,  going  mainly  to  Sibson's  fascia,  but  partly  to  the  first 
rib.  Can  it  be  that  the  part  arising  from  the  costal  process  of 
the  seventh  cervical  vertebra  in  conjunction  with  the  lowest 
slip  of  the  scalenus  anticus  is  the  dismembered  part  of  the 
scalenus  anticus  which  was  behind  the  subclavian  artery  aud 
therefore  tallies  somewhat  with  the  muscle  described  as  Case  1  ? 
and  is  the  other  slip  Sibson's  muscle  ? 

Whatever  these  muscles  are,  they  appear  to  me  to  show  that 
the  scalenus  pleuralis  of  Sibson  is  not  quite  so  simple  as 
text-books  would  have  us  believe;  and  it  seems  to  be  doubly 
difficult  to  understand  how  it  can  be  a  dismembered  part  of 
the  scalenus  posticus  when  it  lies  in  front  of  the  anterior 
primary  division  of  the  eighth  cervical  and  first  dorsal  nerves. 
The  only  way  in  which  it  tallies  with  it  is  in  its  method  of 
origin  from  the  costal  process  of  the  seventh  cervical  vertebra ; 
but  as  the  scalenus  anticus  in  both  these  cases  arises  also  from 
the  same  process,  it  seems  to  me  to  have  as  great  a  claim  to  the 
scalenus  pleuralis  muscle  as  does  the  scalenus  posticus. 

On  the  opposite  side,  in  Case  2,  the  muscle  was  small  so  far 
as  its  belly  was  concerned,  but  there  was  a  well-marked  tendon 
inserted  chiefly  into  pleura  fascia,  partly  into  the  first  rib.  It« 
origin  blended  with  the  scalenus  anticus. 


HEEEDITAEY    POLYDACTYLISM. 
By  Gregg  Wilson,  M.A.,  B.Sc,  Ph.D. 

(Read  before  the  Royal  Physical  Society  of  Edinburgh,  Feb.  19,  1896.) 

I  HAVE  recently  become  possessed  of  the  facts  of  a  large  number 
of  unpublished  eases  of  hereditary  polydactylism,  and  in  this 
paper  I  propose  to  describe  a  few  of  these  that  seem  to  me  to 
be  of  peculiar  importance,  inasmuch  as  they  show  considerable 
variation  in  the  position  of  the  abnormality.  I  shall  also  briefly 
review  the  evidence  that  is  available  for  determining  the  cause 
of  polydactylism. 

The  first  case  that  I  have  to  describe  is  one  to  which  my 
attention  was  called  by  Dr  Fraser  of  Falkirk,  who  had  removed 
an  extra  minimus  from  the  hand  of  a  child  in  whose  family 
polydactylism  was  so  common  as  to  be  expected.  Fortunately 
a  tradition  existed  to  the  effect  that  a  book  had  once  been 
written  about  the  peculiarity ;  and  this  led  to  my  finding  an 
account  of  four  generations  of  the  family  in  Professor  Struthers's 
paper  "  On  Variation  in  the  Number  of  Fingers  and  Toes  "  (1). 
Professor  Struthers  kindly  handed  over  to  me  the  original  letters 
by  Dr  Hamilton  on  which  he  had  founded  his  description  of  the 
Falkirk  case,  and  at  the  same  time  gave  me  a  large  number  of 
letters  received  by  him  with  reference  to  other  cases  of  poly- 
dactylism. 

Cabb  1. — The  following  are  the  leading  facts  of  the  Falkirk  case, 
as  I  have  been  able  to  learn  them  from  Dr  Hamilton's  letters,  and 
from  such  members  of  the  polydactyloos  family  as  I  myself  have 
seen. 

£.  P.,  ^*  the  first  known  ancestor  with  digital  variety/'  had  an  extra 
minimus  on  one  hand.  She  married  A.  L.,  and  had  eighteen  children, 
all  of  whom,  except  one,  are  believed  to  have  been  normal  as  regards 
fingers  and  toes. 

So  far  as  Dr  Hamilton  was  able  to  ascertain,  the  abnormality  did 
not  appear  in  the  descendants  of  any  of  the  seventeen  normal  children, 
except  in  one  great-grandson  of  £.  P.  James  L.,  one  of  £.  P.'s  normal 
sons,  had  two  sons  and  seven  daughters,  one  of  whom,  Agnes  L.,  gave 
birth  to  a  son,  James  J.,  with  six  fingers  on  each  hand,  and  to  seven 
other  children  who  were  all  normal.     I  have  been  able  to  get  full 
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information  as  to  recent  births  in  this  branch  of  the  family,  and  I  find 
that  no  more  abnormalities  have  appeared. 


E.  P.   9 
(one  extra  lit.  fr. ) 


Charles  L. 
(2  extra  lit  frs.) 


I  I       I 

James  L.   A6    12( 
(normal) 


I    J 

James  Thomas 
2  extra  lit.  frs. 


I    I 


( 


John         5  6 
2  extra  lit.  frs.x 
1     .,       ,.  toe  / 


4  9 


Agnes  L.    2  (^    6  9 
(normal) 


I) 


j$ 


Jane  L. 
2  extra  lit.  fr8.\ 
'Z    11       11  toes' 


( 


I 
John  L. 

(normal) 


James  J.         4S 
(2ext.  lit.  frs.) 


89 


n 


>y 


0.  N    (J 
(normal) 


I 

Maggie  N.      i 
(2  extra  lit.  frs. ) 


(extra  thnmb) 


(1 


"\ 
9 
1  extra  lit.  fr.\ 
rudiment.    J 


To  return  now  to  £.  P.'s  children:  one  of  them,  Charles  L.,  mA 
abnormal,  having  six  fingers  on  each  hand.  He  had  twelve  children, 
three  of  whom  likewise  showed  digital  abnormality.  Two  of  these, 
James  L.  and  Thomas  L.,  had  six  fingers  on  each  hand,  like  their 
father ;  and  neither  they  nor  their  normal  brothers  and  sisters  seem 
to  have  transmitted  any  abnormality  to  their  descendants. 

John  L.,  however,  the  third  of  the  abnormal  sons  of  Charles  L, 
showed  increasing  abnormality,  having  one  extra  little  toe  as  well  as  t^o 
extra  little  fingers  ;  and  his  descendants  still  show  digital  abnormali- 
ties. His  only  son,  John  L.,  though  normal  himself,  is  father  of  a 
child  with  the  thumb  of  the  right  hand  duplicated ;  and  his  only 
daughter,  Jane  L.,  was  bom  with  an  extra  minimus  on  each  hand 
and  six  toes  on  each  foot.  She  is  mother  of  seven  children,  one  of 
whom,  Maggie  N.,  was  born  with  an  extra  minimus  on  each  hand, 
while  another,  C.  N.,  though  himself  normal,  is  father  of  a  daughter 
who  was  born  with  one  extra  little  finger  and  the  rudiments  of 
another. 
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The  striking  features  of  this  case  are  the  persistence  of  the  ab- 
normality through  six  generations,  the  increase  of  the  abnormal- 
ity in  the  first  four  generations,  and  the  change  in  position  of  the 
abnormality  from  the  post-axial  to  the  pre-axial  side  of  the  limb. 

Cass  2. — The  second  case  is  that  of  an  Italian  family  of  street 
musicians.  The  grandfather  in  this  family  had  six  digits  on  each 
hand  and  six  toes  on  each  foot.  His  son,  N.,  has  six  toes  on  each  foot 
and  seven  digits  on  one  hand;  and  he  had  six  digits  on  the  other 
hand,  but  the  supernumerary  one  was  removed  when  he  was  yoimg. 
The  grandchildren  are  four  in  number,  and  three  of  them  have  six 
digits  on  each  hand  and  six  toes  on  each  foot,  while  one,  Tony  by 
name,  has  an  extra  minimus  on  each  hand  and  two  extra  toes  on  each 
foot,  one  of  them  apparently  added  on  the  post-axial  side,  while  one 
is  undoubtedly  pre-axial,  inasmuch  as  the  innermost  metatarsal  bears 
two  great  toes.  Except  in  Tony  all  the  extra  digits  found  in  this 
family  are  minimi  (figures  1  and  2). 

In  this  case,  as  in  the  previous  one,  we  find  increase  in  the 

abnormality,  Tony's  father  having  two  extra  little  fingers,  where 

the  grandfather  had  only  one.    And  here,  again,  we  have  a 

change  in  the  position  of  the  abnormality  from  the  post-axial  to 

the  pre-axial  side  of  the  limb,  Tony  himself  showing  both  the 

original  pre-axial  addition  and  a  duplicated  great  toe. 

Case  3. — ^The  third  ^  case  is  that  of  a  Peebles  family.  S.  T.  had 
an  extra  little  toe  on  each  foot.     He  married  twice.     By  his  first 

ax.  <j 

(two  extra  lit  toes) 

J 


l8t  Marriage 


2nd  Marriage 


I     I    I 
6    9  ? 


abnormal 


J.  T.  6 

(two  extra  lit  frs.) 
(left  mid.  toe  double) 


r 


(grt,  toes  double) 


8  V 


4  9 
(normal) 


I 

6 
(extra  lit.  fr. 
on  right) 


I 
29 
(extra  lit  fr. 
on  right) 


i  i 


>   For  the  facta  of  my  third,  fourth,  and  fifth  casefl  I  am  indebted  to  Professor 
StmtlieTB. 
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marriage  he  had  a  number  of  children,  who  are  all  said  to  have  shown 
digital  abnormality ;  and  one  of  whom,  J.  T.,  is  known  to  have  had 
an  extra  minimus  on  each  hand  and  an  extra  toe  on  the  back  of  the 
middle  digit  of  one  of  his  feet.  J.  T.'s  three  children  all  showed 
digital  variation,  but  only  slightly :  each  of  them  had  one  small  extra 
post-axial  finger  on  one  hand. 

By  his  second  marriage  S.  T.  had  one  son  with  both  great  toes 
duplicated,  and  three  daughters  who  were  normal  as  regards  digits. 

In  this  case  we  see  remarkable  variability  in  the  abnormality, 
a  man  with  extra  minimi  on  both  feet  having  one  son  with 
extra  great  toes,  and  another  son  with  extra  minimi  on  the 
hands  and  a  double  middle  toe  on  one  foot. 

Casb  4. — My  fourth  case  also  shows  difference  in  the  position  of 
the  digital  abnormality  found  in  the  children  of  one  parent  A 
woman,  as  the  result  of  her  first  marriage,  gave  birth  to  a  daughter, 
J.  M.,  who  had  a  small  extra  finger  attached  near  the  distal  end  of  the 
proximal  phalanx  of  the  little  finger  of  one  hand.  After  her  second 
marriage  the  same  woman  bore  two  daughters,  one  normal,  the  other 
having  on  the  right  hand  two  thumbs  capable  of  slight  separate 
movement,  so  that  a  small  object  such  as  a  pin  could  be  held  between 
them. 

Cask  5. — ^The  fifth  case  I  have  to  mention  is  that  of  another  Edin- 
burgh family.  In  the  first  individual  in  whom  digital  variation  is 
known  to  have  occurred,  there  was  an  extra  finger  attached  to  the 
proximal  phalanx  of  the  minimus  of  one  hand.  In  the  next  genera- 
tion, the  only  son  showed  an  exactly  similar  peculiarity,  while  hia 
sister  had  the  great  toe  double  in  the  right  foot  and  partly  double  in 
the  left.  In  the  third  generation  the  son's  son  is  found  to  have  an 
extra  post-axial  finger  slightly  attached  to  the  proximal  phalanx  o! 
the  minimus  of  each  hand,  and  an  extra  toe  movable  and  well 
developed  on  the  post-axial  side  of  one  foot. 

All  the  cases  that  I  have  stated  illustrate  the  variability  of 
digital  abnormalities;  but  in  the  great  majority  of  cases  of 
hereditary  polydactylism  with   which  I    am  acquainted,  the 
abnormality  is  very  constant  in  position,  though  not  in  d^ree. 
One  is  accustomed  to    see  cases  in  which   the  abnormality 
consists  in  the  duplication  of  one  or  more  phalanges  in  one 
generation,  while  in  another  generation  the  duplication  extends 
to  the  metapodial  region ;  it  is  not  even  a  rare  thing  to  find  the 
abnormality  passing  from  the  outer  side  of  the  hand  to  U)^ 
outer  side  of  the  foot,  and  vice  versa ;  but  it  is  a  rare,  and  I  think 
remarkable  fact  that  we  have  exemplified  in  the  eases  I  hare 
sketched — the  passing  of ^the  abnormality  from  the  one  side  of  a 
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limb  to  the  other.  Had  I  met  with  only  one  case  of  the  kind  I 
should  have  been  prepared  to  believe  that  the  new  position 
simply  indicated  a  new  and  independent  abnormality.  But 
with  so  many  cases,  the  probability  against  such  a  view  is 
enormous.  Maupertuis  estimated  that  polydactylism  does  not 
occur  so  frequently  as  in  one  person  in  20,000 :  if  that  estimate 
be  taken  for  post-axial  additions  only,  one  may  well  assume  that 
pre-axial  additions,  which  are  much  rarer,  are  not  so  frequent 
as  in  one  person  in  100,000 ;  and  accordingly,  the  probability 
against  a  chance  combination  of  these  abnormalities  would  be 
as  two  thousand  millions  to  one.  So  it  is  not  likely  that  my 
five  Scotch  cases  show  two  unconnected  abnormalities ;  and  we 
must  look  for  an  explanation  of  polydactylism  that  will  account 
for  the  possibility  of  such  migration  of  the  abnormality  as 
seems  to  be  indicated. 

I  propose  now  to  consider  shortly  the  leading  theories  that 
have  been  suggested  in  explanation  of  polydactylism.  These 
may  be  taken  as  falling  into  three  groups:  (1)  theories  that 
regard  polydactylism  as  atavistic ;  (2)  those  that  make  it  depen- 
dent on  influences  affecting  the  embryo  from  without,  such  as 
mechanical  constriction  by  threads  of  the  amnion ;  and  (3) 
those  that  derive  the  abnormality  from  variation  of  the  germ 
plasm,  usually  without  assigning  a  cause  for  such  variation. 

I.  The  view  that  polydactylism  is  atavistic  has  been  very 
commonly  held  in  recent  years.  Darwin,  in  the  first  edition 
of  his  great  work  on  Animals  and  Plants  under  Domestication 
adopted  it,  as  he  says,  '^with  much  hesitation,"  and  chiefly 
because  he  supposed  that  the  additional  digits  possessed  the 
power  of  regrowth  after  amputation,  like  the  nonnal  digits  of 
the  lower  vertebrata.  He  was  confirmed  in  his  view  by  the  fact 
that  the  supernumerary  digits  are  '*  strongly  inherited,"  as  well 
as  by  Owen's  statement  that  some  of  the  Ichthyopterygia  had 
more  than  five  digits.  But  in  the  second  edition  of  his 
Animals  and  Plants  under  Domestication  and  in  the  Descent  of 
Many  Darwin  withdrew  his  former  explanation,  on  the  ground 
that  it  had  been  shown  by  Paget  and  others  that  the  capacity 
for  regrowth,  that  had  been  looked  on  as  a  primitive  character, 
is  found  in  normal  bones,  especially  when  amputated  at  an  early 
age. 
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Nevertheless,  the  idea  was  not  allowed  to  die ;  and  within  the 
last  few  years  von  Bardeleben  (2)  has  given  it  a  new  lease  of  life 
by  the  promulgation  of  his  theory  of  the  heptadactyle  limb.  He 
has  lecogEQBed  as  ''radiments  of  prsepollex  and  prsdiaUux " 
certain  bones  on  the  inner  side  of  the  mammalian  carpus  and 
tarsus,  that  had  previously  been  either  quite  unknown,  or  had 
been  described  as  sesamoids  And  these  ^  rudiments,"  as  well 
as  the  supernumerary  bones  (pisiforme  and  tuberositas  calcanei), 
that  occur  on  the  outer  side  of  the  hand  and  foot,  he  has  oome 
to  regard  as  representing  digits  that  were  formerly  developed 
alongside  of  the  five  that  are  ordinarily  recognised. 

Sijkebusch  (3)  and  Spronk  (4)  supported  von  Bardeleben's 
view  ;  and  so  did  Wiedersheim  till  the  palseontolc^cal  evidence 
that  seemed  to  favour  it  had  been  refuted.  Baur  (5)  at  one  time 
seems  to  have  been  inclined  to  look^for  more  than  five  digits  in 
the  mammalian  limb,  for  he  identified  certain  small  bones  in  the 
tarsal  r^on  of  Cercolabes  and  Erethizon  as  remnants  of  a  sixth 
toe ;  but  subsequently  his  work  on  fossil  Ichthyopterygia  (6) 
deprived  the  heptadactyle  theory  of  one  of  its  chief  supports 
He  proved  that  the  oldest  Ichthyopterygia  had  only  five  fingers, 
and  therefore  the  extra  digits  of  the  later  species  were  secondaiy 
structures ;  a  result  that  is  the  more  credible  as  Eiikenthal  has 
shown  that  the  sixth  two-jointed  finger  of  Beluga  leticas  is  only 
secondarily  split  oft  from  the  fifth  finger  in  the  course  of 
ontogeny. 

Kollmann  (7),  while  agreeing  with  von  Bardeleben  as  to  the 
primitive  nature  of  the  bones  that  he  had  identified  as  rudunentB 
of  digits,  did  not  accept  the  theory  of  a  primitive  heptadactyle 
mammalian  Umb.  He  went  back  to  the  fishes  for  an  explana- 
tion of  the  rudiments,  and  believed  that  they  represented  not 
fingers,  but  the  fin-rays  of  an  ancestral  fish.  Emery  (9)  took  a 
similar  view,  but  he  recognised  from  his  embryological  work 
that  certain  of  the  bones  in  question  are  secondary  structures. 
Albrecht  (8)  went  rather  further  than  either  Kollmann  or 
Emery,  for  he  accepted  not  only  extra-digital  reversion,  but  inter- 
digital,  and  showed  that  even  the  splitting  of  digits  is  atavistic, 
seeing  that  the  fin-rays  of  the  skates  are  normally  bifid.  He 
did  not,  however,  believe  in  "true  hyperdactyly "  in  man  or 
other  manmials  that  have  normally  five  digits,  for  he  maintained 
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that  there  were  never  more  than  five  well-developed  fingers 
present  in  mammals.  In  the  horse  ^  he  recognised  occasional 
true  hyperdactyly,  in  man  only  false  hyperdtwtyly  or  "  atavistic 
dactyloschisis." 

To  the  atavistic  theories  there  are  various,  and  as  it  seems  to 
me  insurmountable,  objections,  and  there  is  no  convincing  argu- 
ment in  favour  of  them.    Wiedersheim,  in  the  second  edition  of 
his  Bau  des  Menschen,  points  out  that  there  is  now  no  one  fact  of 
palaeontology  in  favour  of  the  view  that  terrestrial  animals  ever 
had  more  than  five  digits  in  hand  or  foot ;  and  states  that  his 
embryolQgical  studies  on  the  development  of  the  limbs  equally 
fail  to  favour  the  heptadactyle  theory.    Tomier  (10),  in  an 
exhaustive  work,  endeavours  to  make  it  probable  that  not  only 
some,  as  Emery  admitted,  but  that  all  of  the  bones  that  von 
Bardeleben  has  regarded  as  rudiments  of  digits  are  of  secondary 
origin,  and  not  vestigial.    Siidinger  and  Zander  both  emphasise 
the  fact  that  there  is  no  evidence  to  show  that  the  '^  rudiments  " 
of  von  Bardeleben  ever  have  any  connection  with  the  extra  digits 
of  polydactylous  people;  so  that  even  if  these  rudiments  are 
vestigial,  it  by  no  means  follows  that  extra  digits  are  atavistic. 
G^enbaur  attacks  the  idea    that    because  polydactylism    is 
hereditary,  it  is  likely  to  be  atavistic:  undoubted  malforma- 
tions, such  as  defect  of   the  clavicle,  are  transmitted.    And 
G^enbaur  points  out,  too,  that  the  great  variation  in  the  details 
of  the  abnormality  is  against  the  theory  of  reversion:  somcr 
times  the  carpus  of  one  hand  differs  from  the  carpus  of  the 
other  to  such  an  extent  that  the  abnormalities  cannot  be  looked 
upon  as  atavistic,  unless  we  are  willing  to  consider  that  the 
right  hand  has  had  one  atavus,  and  the  left  hand  another. 
"Weismann  completes  this  criticism  by  referring  to  the  poly- 
dactylism of  insects,  where  reversion  is  out  of  the  question.     I 
viroidd  only  add,  that  as  we  are  familiar  with  cases  in  which  not 
only  one  or  two,  but  many  digits  are  added  to  one  side  or  other 
of  a  hand  or  foot,  and  as  we  know  other  cases  in  which  a  limb 
is  duplicated  or  triplicated,  and  others  in  which  the  whole  hind- 
quarters or  the  whole  anterior  end  is  double,  so  it  is  not  reason- 

^  The  hone  and  mammals  with  fewer  than  five  digits  must  be  considered  quite 
depart  from  mammals  with  the  fall  typical  number.  It  is  now  abundantly  clear 
t;bai  reTersion  to  remote  ancestral  conditions  does  occur. 
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able,  without  definite  evidence,  to  conclude  that  the  commoii 
cases  of  polydactylism  are  to  be  accounted  for  by  atavism,  which 
cannot  possibly  explain  some  of  the  other  abnormalities  that  to 
all  appearance  are  similar  in  kind. 

II.  I  come  next  to  consider  the  possibility  of  accounting  for 
ordinary  polydactylism  by  the  action  of  external  influences. 

Ahlfeld  (11)  and  Zander  (12)  are  the  two  authors  who  have 
been  specially  associated  with  such  a  theory,  and  they  both 
referred  polydactylism  to  mechanical  pressure  of  the  amnion. 
Ahlfeld  described  a  case  of  a  child  with  a  double  thumb,  due,  as 
he  supposed,  to  an  anmiotic  thread  that  lay  between  the  two 
thumbs;  and  Zander  asserted  that  as  the  amnion  had  been 
proved  to  produce  polydactylism  in  this  case,  it  probably  was 
the  cause  in  all  other  cases.    The  theory  partly  commends  itself, 
because  we  know  of  cases  of  deficiency  of  digits  that  have  been 
traced  to  amniotic  constriction ;  but,  on  the  other  hand,  it  is 
hard  to  reconcile  the  facts  of  any  case  of  hereditary  polydactyl- 
ism with  it    Zander  explains  that  the  inheritance  may  be  due 
either  to  direct  transmission  of  the  effects  of  the  injury  done  b; 
the  amnion,  or  to  the  transmission  of  the  cause  of  the  injury, 
i.e,y  the  malformed  amnion.     Zander  favours  the  former  view, 
though  the  transmission  of  characters  acquired  by  adults  is  not 
believed  in  by  him.    He  also  points  out  that  the  transmission 
is  always  continuous,  or  that,  at  any  rate,  no  more  than  one 
generation  is  passed  over, — a  circumstance  that  he  r^ards  as 
confirmatory  of  his  opinion  that  the  abnormality  is  an  acquired 
character.    But  even  if  we  could  accept  such  a  view  as  possibly 
correct,  the  difficulty  that  arises  in  many  cases,  as  Fackenheim, 
Verrier,  Weismann,  and  others  point  out,  from  the  symmetry  of 
the  abnormality  still  remains.    The  gradual  and  symmetrical 
increase  of  the  abnormality  in  the  first  four  generations  of  my 
Falkirk  case  is  undoubtedly  not  explained  by  anmiotic  constric- 
tion and  the  transmission  of  acquired  injuries.     It  is  perhaps 
worth  while  pointing  out,  too,  that  in  the  same  case  the  trans- 
mission is  discontinuous,  inasmuch  as  the  abnormality  appears 
in  James  J.  after  passing  over  the  two  generations  that  inter- 
vened between  E.  P.  and  himself. 

III.  The  third  view  of  the  origin  of  polydactylism,  vix.,  t2iat 
it  is  to  be  ascribed  to  germinal  variation,  has  been  held  by  a 
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number  of  writers  on  the  subject,  such  as  Forster,  Ziegler, 
Weismann,  and  Verrier.  It  is  in  reality  implied,  too,  by  those 
who  have  asserted  that  the  abnormalities  are  due  to  atavism,  tor 
of  course  the  abnormal  development  of  rudiments  of  ancestral 
digits  implies  some  other  condition,  some  variation  favourable 
to  the  unusual  development  of  the  rudiments. 

It  may  be  pointed  out,  that  whatever  the  immediate  cause  of 
the  abnormality,  the  history  of  a  typical  case  of  hereditary 
polydactylism  is  just  such  as  one  would  expect,  assuming  it  to 
be  due  to  germinal  variation.  As  a  rule,  the  abnormality  is 
constant  in  position,  but  varies  in  degree;  it  is  transmitted 
generally  only  to  a  small  proportion  of  the  offspring  of  a 
polydactylous  person  who  has  married  a  normal  person,  and 
commonly  it  ceases  to  appear  after  a  few  generations;  not 
infrequently  it  passes  over  one  or  two  generations,  to  reappear 
in  the  second  or  third ;  at  least  one  case,  that  of  a  village  in 
France,  is  known  in  which  by  in-marriage  the  abnormality  was 
perpetuated  so  as  to  become  the  normal  condition  of  the  people 
of  a  district. 

But  can  we  go  further,  and  suggest  a  proximate  cause  for  the 
peculiar  presence  of  extra  members  ?    Verrier  is  willing  to  adopt 
the  theory  of  either  "  progressive  anomaly  "  or  **  regressive  " ;  but 
the  words  hardly  carry   us  further.     Weismann,  however,  in 
his  Germ  Plasm,  takes  us  to  a  nearer  cause  than  "germinal 
variation,"  by  the  supposition   that  excessive  local  nutrition 
causes  the  duplication  of  the  group  of  determinants  represent- 
ing the  part  that  is  doubled.    The  theory  suits  most  cases  of 
polydactylisoL    We  can  understand  how  the  doubling  of  the 
primary  constituents  of  a  cell,  or  of  a  small  group  of  cells,  or  of 
a  large  group  of  cells,  may  be  effected  by  abnormal  nutrition : 
we  know  how  Gerlach  and  Dareste  have  succeeded  in  pro- 
ducing many  monsters,  including  some  double  forms,  by  the 
modification  of  respiration  and  temperature  conditions.    We 
can  understand,  too,  how  the  effects  of  a  duplication  of  deter- 
minants would  be  handed  on  from  generation  to  generation,  till 
tlie  abnormality  was  got  rid  of  by  the  ordinary  crossing  of 
normal  individuals  with  the  abnormal;  and  we  can  readily 
conceive  that  the  struggle  of  parts  would  result  in  a  greater  or 
development  of  the  abnormality. 
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To  explain,  however,  such  cases  as  I  have  described  in  this 
paper,  something  more  than  a  mere  duplication  of  the  dete^ 
minants  of  fingers  or  toes  is  required.  The  change  in  the 
position  of  the  abnormalities  has  to  be  accounted  for,  and  this 
is  not  possible  without  a  slight  modification  of  Weismann's 
theory.  We  may  assume  that  there  is  variation  in  the  dtkr- 
minants  that  affect  the  nutrition  of  the  parts  involved :  in  the 
case  of  excess  of  nutrition,  a  duplication  of  a  few  or  many 
constructive  determinants  may  result,  and  the  abnormality  con- 
sequent on  such  doubling  will  be  hereditary  in  the  ordinary 
way :  it  will  be  quite  locaL  But  the  modified  nutritive  deter- 
minants may  affect  other  and  contiguous  constructive  deter- 
minants, and  so  a  differently  placed  abnormality  would  result 
I  suppose  that  in  some  cases  of  hereditary  polydactylism  there 
is  not  transmission  of  the  new  determinants  of  the  new  digit, 
but  rather  transmission  of  the  nutritive  variation  that  gave  rise 
to  the  abnormality.  I  conclude  that,  in  my  third  case,  the  extra 
great  toes  of  the  one  son  and  the  extra  middle  toe  of  the  other 
are  in  a  sense  new  abnormalities,  but  are  due  to  the  hereditary 
nutritive  abuormaUty  that  caused  the  original  excess  in  minimi 
which  appeared  in  various  members  of  the  polydactylous  family 

It  is  important  to  observe  that  the  theory  of  variation  in  the 
nutritive  determinants  would  account  for  such  abnormalities  as 
the  duplication  or  triplication  of  a  limb,  or  for  the  doubling  of 
the  determinants  of  still  larger  parts,  as  well  as  for  increase  in 
the  number  of  digits.  It  lets  us  conceive  how  essentially 
symmetrical  variation  is  brought  about ;  and  the  local  stm^le 
of  parts  is  sufficient  to  explain  the  deviations  from  symmetry 
that  are  observable. 

Of  course,  I  do  not  pretend  that  the  theory  is  complete ;  but 
I  think  it  takes  us  one  stage  further  towards  an  explanation ; 
and  no  other  theory  accounts  at  all  satisfactorily  for  such  facts 
OS  those  of  the  cases  I  have  described  in  this  paper. 
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In  the  part  of  this  paper  published  in  the  October  number,  while 
thanking  the  donors  of  material,  I  quite  unintentionally  failed  to 
acknowledge  the  deep  gratitude  I  owe  to  my  friend  Dr  C.  J.  Martin, 
to  whom  I  am  indebted  for  some  of  the  best  material,  which  in  many 
cases  he  collected  at  great  personal  inconvenience.  Thus,  all  the 
Platypus  material  which  was  used  for  Golgi-impregnations  I  owe  to 
him.  I  take  this  opportunity  of  thanking  him  not  only  for  the 
material,  but  also  for  his  valuable  advice. 

Since  the  paper  was  written  I  have  examined  a  large  quantity  of 
fresh  material,  including  a  number  of  Echidna  and  Platypus  brains. 
As  a  result,  I  find  that  the  extent  of  flexion  of  the  hemisphere  in  both 
Monotremes  has  been  here  underestimated,  although  not  sufficieutlj 
to  interfere  with  the  general  conclusions.     Some  of  the  statements 
referring  to  the  hippocampus  will  therefore  need  slight  modification; 
but  as  fresh  figures  would  be  necessary  to  intelligibly  explain  thd 
corrections,  it  will  be  more  satisfactory  to  defer  it  until  the  fuller 
paper*  is  published.     I  hope  then  to  be  able  to  give  a  much  clearer 
and  more  authoritative  statement  concerning  the  fornix  than  the 
limits  of  this  paper  (and  the  limitation  of  knowledge  when  it  was 
written)  would  permit.     For  it  is  to  the  non-placental  (so-called) 
mammals  that  one  must  look  for  the  key  to  solve  the  fierplexing 
problems  of  fornix  morphology,  our  ignorance  of  which  has  been  so 
plainly  exposed  by  Honegger's  memoir. 

Ever  since  the  Berlin  Congress,  Professor  His  has  (nominaDy  at 
least)  adopted  Professor  Turner's  nomenclature,  although  at  the  same 
time  he  retains  Schwalbe's  definition  of  a  falciform  lobe.  His  accepta- 
tion of  Turner's  rhinencephalon  is,  however,  largely  nominal,  for  he 
appears  to  confuse  the  ecto-  with  the  endo-rhinaJl  fissure,  so  that  he 
really  excludes  the  pyriform  {Archiv  fiir  Anatomie  und  Phystologie— 
Anat.  Abth.  1895,  Supplement-band,  p.  176,  and  1892,  v.  and  tl 
Heft,  p.  379). 

In  figure  1  of  this  paper  (page  159  in  the  October  number  of  1^ 
Journal  1895)  part  of  the  dotted  line  indicating  the  fascia  dentata 
(/,d,)  has  disappeared  in  the  process  of  reproduction.  The  fasda 
dentata,  of  course,  lies  bdow  the  hippocampal  fissure  (A./.)- 

^  This  Journal,  October  1895  and  January  1896,  p.  185.  This  note,  dated 
University  of  Sydney,  Nov.  22nd,  1895,  was  sent  by  Dr  Elliot  Smith  with  the 
view  of  its  insertion  in  the  January  number  of  the  Journal,  but  it  nsached  the 
editors  too  late  for  insertion  in  that  number. 


1 


(451  ) 


SIXTH  REPORT  ON  RECENT  TERATOLOGICAL  LITERA- 
TURE. By  Bertram  C.  A.  Windle,  D.Sc,  M.D.,  M.A., 
Profeaaor  of  Anatomy  in  Mason  College^  Birmingham, 

Obnbral. — Giacomini  continues  the  series  of  papers  on  Anomalies  of 
Developmerdy  which  have  been  referred  to  from  year  to  year  in  these 
reports.  In  the  present  (sixth)  communication  (I.)  he  deals  with 
instances  of  (a)  emigration  of  the  embryo  from  the  cavity  of  the 
amnion  into  the  external  coelome  ;  (fi)  its  emigration  as  a  whole  from 
all  the  foetal  appendages  except  the  chorion ;  (c)  its  emigration,  with 
destruction  of  the  chorion.  The  following  is  a  summary  of  the  con- 
clusions drawn  from  this  and  the  preceding  papers.  Abortions  in  the 
first  two  months  are  very  common,  and  a  careful  study  of  them  proves 
that  the  products  of  conception  which  they  contain  are  seldom  in  a 
normal  condition  ;  the  great  majority  of  the  ova  contain  deformed  em- 
bryos, which  His  includes  under  the  general  denomination  of  abortive 
forms.  From  the  study  of  such  forms,  it  appears  possible  to  divide 
them  into  two  groups,  according  to  the  presence  or  absence  of  the 
embryo.  Group  I.  contains  those  products  in  which  not  only  is  the 
embryo  present,  but  as  a  whole,  and  retaining  its  usual  relations  to  the 
membranes.  This  group  includes  two  classes.  Class  i.  Atrophic 
forms ;  those  in  which  the  embryo,  though  gravely  altered  externally 
and  internally,  still  presents  on  microscopic  examination  obvious 
portions  of  organs.  Here  are  placed  all  those  forms  which  His  has 
described  as  curved  or  cylindrical  forms.  Class  ii.  Nodular  forms,  in 
which  the  microscope  reveals  no  traces  of  embryonic  organs ;  very 
rare  and  difficult  to  study.  Group  II.  Abortive  products  in  which 
the  embryo  is  absent.  The  absence  may  be  accounted  for  in 
two  ways:  either  the  embryo  has  been  absorbed  in  situ,  or  has 
emigrated  from  its  natural  cavity.  Here,  again,  we  have  two  classes. 
Class  i.  The  embryo  has  been  absorbed  in  situ]  (a)  but  all  the 
appendages  of  foetal  origin  are  present,  Ub)  all  the  embryonic 
appendages  are  absent  except  the  chorion.  Class  ii.  The  embryo  is 
absent  because  it  has  migrated  from  its  cavity,  (a)  into  the  external 
coelome,  (h)  through  all  the  membranes  of  the  ovum  as  a  whole,  (e) 
wrapped  in  the  amnion  and  with  the  umbilical  vesicle,  the  chorion 
remaining  in  position,  {d)  passes  by  tearing  through  the  chorion. 
(Note,  references  to  the  papers  alluded  to  in  this  communication  will 
be  found  in  Reports^  ii.  1,  2 ;  iii.  2,  3 ;  iv.  1,2;  v.  3 ;  and  also  in  a 
paper  by  the  reporter  in  this  Journal,  xxviii.  436.) 

In  a  paper  on  the  Teratoplastic  family,  F6r6  (II.)  refers  to  the  theory 
of  a  neoplastic  diathesis,  founded  by  Vemeuil  on  the  fact  that  it  is 
not  rare  to  see  several  members  of  the  same  family  affected  with 
different  tumours.  F^r^  himself  has  seen  tumours,  such  as  Hpomata, 
exostoses,  &c.,  coinciding  with  congenital  malformations  of  the  bones 
or  soft  parts.  Such  deformities  and  tumours  are  met  with  in  the 
families  of  several  of  these  patients,  but,  in  his  opinion,  the  most 
gnificant  fact  is  that  these  tiunours  and  anomalies  are  met  with  only, 
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or  with  a  marked  predominance,  on  one  side  of  the  body,  and  seem  to 
characterise  a  sort  of  trophic  hemiplegia,  which  may  be  hereditary. 
Of  this  condition  he  gives  several  cases.    With  the  idea  of  asoertiuiimg 
whether  any  experimental  proof  of  Cohnheim's  theory  as  to  the  origiii 
of  tumours  from  fragments  of  included  foatal  tissues  could  be  pro- 
cured, he  grafted  embryos  of  chicks  of  different  stages  of  develop- 
ment under  the  skin  of  full-grown  fowls  in  various  places.     The  result 
qf  his  experiments  went  to  show  that  most  frequently  absorption 
took  place,  but  that  sometimes,  either  immediately  afterwards  or  after 
some  interval  of  time,  a  development  of  tissue  took  place  which  'was 
not  differentiated  at    the   time  of    implantation.     It    is  therefore 
possible  to  conclude  that  embryonic  elements  placed  in  the  midst  of 
normally  developed  tissues  are  susceptible  of  ulterior  development 
The  theory  of  the  embryonic  origin  of  certain  tumours  and  the  terato- 
logical  theory  of  the  heredity  of  tumours,  and  of  their  connection  with 
maladies  due  to  congenital  predisposition,  find  an  interesting  support 
in  these  facts.     In  connection  with  this  question,  there  may  be  menr 
tioned  a  curious  series  of  malformations  occurring  in  a  f amiily,  which 
is  reported  by  Highet  (III.).     The  parents  were  Malays,  presenting  no 
congenital  defects  themselves,  who  had  had  seven  children  in  ten 
years,  all  of  whom  died  in  infancy  :  (1)  absence  of  cartilage  of  left  ear, 
(2)  double  harelip  and  cleft-palate,  (3)  absence  of  left  fore-finger,  (4) 
absence  of  left  great  toe,  (5)  no  external  malformation,  (6)  dermoid 
cyst  of  neck,  (7)  occipital  hydrencephalocele.     In  an  elaborate  series 
of  papers,  Meige  (IV.)  deals  with  the  subjects  of  Infantilumiy  Feminism^ 
and  the  Hermaphrodites  of  the  ancients,  respecting  which  subject  he 
concludes  that  there  exist  in  nature  many  corporal  conformations,  in 
which  the  morphological  characteristics  of  the  male  are  allied  with 
those  of  the  female  in  the  same  individual     These  hybrid  iorms 
must  be  considered  as  abnormalities  of  development  arising  from  a 
congenital  alteration  of  the  trophic  centres  which  preside  over  the 
evolution  of  the  sexual  apparatus.     Such  defects  of  development 
may  lead  to  any  one  of  three  conditions,  viz..  Infantilism,  Feminism, 
and  Virilism.     A  further  study  of  some  of  the  points  relating  to  the 
same  conditions  will  be  found  in  a  paper  by  F^re  (V.).     Koch  (VL) 
gives  an  account  of  two  cases  of  malformations  which  he  thinks  are 
accounted  for   by  an  abnormal  pressure  of  such  a  kind  that  if  it 
existed  at  a  sufficiently  early  stage,  might  cause  serious  malformationa 
of  the  internal  organs.     In  the  first  of  his  cases  several  of  the  bones 
were  bent,  and  there  was  an  atrophic  condition  of  the  skin  and  sub- 
cutaneous tissues  over  these  parts.     In  the  second  case  there  was 
atrophy  of  the  pectoral  and  other  muscles  around  the  shoulder-joint, 
with  webbed  fingers  and  other  defects.     Brissaud  and  Meige  (VII.) 
give  an  account  of  a  giant  who,  like  M^Grath  (I.),  was  affected  with 
Acromegaly :  they  add  further  cases  to  show  that  the  combinatioD  of 
giantism  and  acromegaly  is  far  from  being  an  accidental  occurrence, 
and  finally  conclude  that  acromegaly  is  the  giantism  of  the  adult,  and 
giantism  the  acromegaly  of  the  adolescent.     Lampe  (VIIL)  gives  an 
account  of   two  cases  of  fcetal  rachitis,'  in  the  first  of  which  the 
external  signs  of  that  condition  were  obvious,  the  large  head  with 
deeply  indented  nose-root,  the  extraordinarily  short,  fat  extremities, 
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and  the  swollen  skin  with  deep  folds.  In  the  skeletons  the  long 
bones  showed  highly  vascular,  knobbily  thickened  and  expanded 
epiphyses ;  the  diaphyses  very  short  and  thick  and  extremely  sclerosed ; 
between  both  were  found  here  and  there  characteristic  invaginations 
of  periosteum.  In  connection  with  the  ribs,  highly  anomalous  forma- 
tions were  found  at  the  junction  of  the  cartilaginous  and  bony 
portions.  A  microscopic  examination  showed  a  very  small  amount  of 
preparation  in  the  cartilage  for  ossification,  and  a  highly  irregular 
process  of  ossification  itself. 

The  external  appearances  of  the  second  fcetus  were  not  so  character- 
istic, though  it  possessed  the  indented  nose-root,  but  the  macroscopic 
and  microscopic  examination  of  the  skeleton  left  no  doubt  that 
this  case,  as  well  as  the  other,  belonged  to  the  category  called  by 
Kaufmann,  Chondrodystrophia  hypoplastica.  The  special  features 
of  the  first  case  were,  (a)  early  synostosis  of  the  sagittal  suture,  pro- 
ducing the  condition  of  scaphocephaly ;  (b)  a  remarkable  narrowing  of 
the  upper  part  of  the  spinal  canal,  which  had  produced  complete  com- 
pression and  atrophy  of  the  medulla  and  upper  cervical  part  of  the 
cord ;  (c)  presence  of  sexdigitism  on  all  four  members.  And  in  the 
second,  (a)  deviation  of  external  form  from  normal  rachitic  type  ;  (6) 
premature  synostosis  of  the  tribasiiar.  (For  references  to  the  Ht.  of 
this  subject  see  Eeports,  ii.  3,  also  sub-refs.  2  at  end  of  this  report.) 
In  respect  to  anomalies  in  general,  D wight  (IX.),  in  discussing  the 
significance  of  those  which,  met  with  occasionally  or  frequently  in 
man,  occur  also  in  animals  far  distant  from  him  in  the  genealogical 
tree,  concludes  that  {a)  similarity  of  structure,  either  in  the  ordinary 
animal  or  in  the  one  showing  variations,  is  not  necessarily  a  proof  of 
descent;  (6)  these  very  irregularities  which  we  call  abnormalities 
point  to  a  law  in  accordance  with  which  very  diverse  animals  have 
a  tendency  to  develop  according  to  a  common  plan. 

ExPBRiMBNTAL. — F^r6  (X.)  Contributes  a  study  of  the  effect  of 
Temperature  on  the  development  of  the  egg  of  the  fowl,  from  which 
he  concludes  that  the  number  of  normal  developments  is  about  equal 
at  37°  and  38"  C,  but  that  evolution  is  more  rapid  at  38\     At  higher 
temperatures  than  this  there  are  fewer  developments  progressively  as 
the  figure  is  higher :  thus,  there  are  at   39",  38'09  p.c. ;     at   40", 
iril  p.c;  and  at  4r,  12*5  p.c.     In  general,  those  embryos  which 
develop  at  39"  are  further  advanced  at  a  similar  period  than  those 
at   38".     Below  37°  the  number  of  developments  again  diminishes  : 
thus  at  36",  there  are  59-45  p.c. ;  at  35",  56*52  p.c. ;  and  at  34% 
4-1*66  p.c.     And  at   the  same  time  that  the  numbers  developed 
decrease,  the  proportion  of  monsters  increases.     Thus  38"  C.  is  the 
"best  temperature  for  development,  at  least  at  the  early  stages ;  and 
experiments  with  alcoholised  eggs  prove  that  it  is  also  that  at  which 
the  resistance  to  external  causes  interfering  with  development  is  best 
marked.     The  same  author  (XI.)  gives  the  result  of  hiB  experiments 
on  the  shaking  of  eggs  prior  to  incubation,     (a)  In  48  eggs  shaken 
immediately  before  incubation,  there  were  3  absences  of  develop- 
ment, 15  monsters,  and  30  normal  embryos  of  67  hours.     (6)  in  48 
eggs  shaken  24  hours  before  the  process  of  incubation  was  commenced, 
tliere  were  3  absences  of  development,  2  monsters,  and  34  normal 
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embryos  of  about  91  hours,     (e)  In  48  eggs  shaken  48  hours  before 
incubation,  there  were  3  absences  of  development,  10  monsters,  and  35 
normal  embryos  of  about  91  hours,    (d)  In  48  eggs  of  comparison,  there 
were  4  absences  of  development,  3  monsters,  and  39  embryos  of  about 
97  hours.     These  facts  show  that  mechanical  vibrations  have  a  retard- 
ing and  teratogenic  influence,  which  is  much  more  evident  when  it  takes 
place  immediately  before  incubation  than  when  it  has  happened  at 
some  period  during  the  two  days  prior  to  the  commencement  of  tliat 
process.    The  same  author  (XII.)  exposed  eggs  to  the  vapours  of 
ethyl,  methyl,  and  amyl  alcohols,  all  of  whidi  exerted  a  retarding 
effect  upon  development,  though  the  first-named  was  the  least  harmfuL 
In  a  second  series  of  experiments,  ethyl,  propyl,  butyl,  and  amyl 
alcohols,  as  also  the  iso-alcohol  of  each,  were  severally  injected  into 
the  albumen  of  eggs.    The  results  showed  that  in  small  doses  ethyl 
alcohol  was  almost  inoffensive,  propyl,  butyl,  and  amyl  were  pro- 
gressively more  so,  and  the  iso-alcohols  were  respectively  more  harmful 
than  their  corresponding  alcohols.     In  a  further  paper  the  same 
author  (XIII.)  gives  an  account  of  the  incubation  under  normal  con- 
ditions of  eggs  laid  by  two  chicks  hatched  out  from  alcoholised 
eg^       Both    series    showed    numerous  different  abnormalities,  of 
which  the  13  eggs  of  the  second  fowl  may  be  given  as  examples: 
(a)  blastoderm,   without  embryo  or  blood-islands;  (b)  normal;  (c^ 
primitive  streak  scarcely  indicated ;  (d)  blastoderm,  without  embiyo 
and  with  arrested  blood- islands;  (e)  omphalocephaly ;  (/)  do.  with 
double  heart;  (g)  spina  bifida;  (h)  cystic  embryo;  (t)  normal;  0) 
omphalocephaly,  with  atrophy  of  head ;  (A;)  normal ;  (l)  triocephaly ; 
(m)  normal.     In  two  other  papers  (XIY.,  XY.)  the  result   of  t^e 
injection  of  various  toxins  into  the  albumen  is  given  by  the  same 
experimenter ;  these  experiments  show  that  the  same  dose  of  a  toxic 
agent  which  has  up  to  the  third  day  a  decreasing  teratogenic  power, 
whilst  permitting  the  embryos  to  survive,  from  that  epoch  exerts 
a  toxic  action,  which  is  manifested  by  a  mortality  which  decreases  as 
its  intervention  is  delayed.     The  teratogenic  action  coincides  with 
one  of  an  arresting  character,  which  manifests  itself  still  later  wh»i 
the  mortahty  diminishes.     It  is  not  without  interest  to  remark  that 
whatever  may  be  the  period  at  which  the  toxic  agent  is  introduced, 
and  whatever  may  be  its  teratogenic  or  toxic  action,  embryos  are 
often  met  with  which  resist  its  influence  and  continue  to  survive. 
These  facts  prove  once  more  the  reality  of  that  individuality  of  the 
germ  on  which  Dareste  has  so  properly  insisted,  and  which  one  sees 
exhibited  also  by  remarkable  exceptions  in  human  degenerations. 
Morgan  (XYI.),  following  Roux's  (3)  method  of  destroying  with  a 
heated  needle  one  of  the  two  first  spheres  into  which  the  frog-ovum 
divides,  found  that  the  result  was  different  in  accordance  with  the 
position  of  the  white  pole,  whether  upwards  or  downwards,  after  the 
operation  had  been  performed.     He  operated  on  155  ova,  from  which 
he  obtained  8  embryos.     In  most  cases  he  had  turned    the  white 
pole  upwards,  but  from  those    so    treated  he  only  obtained  two 
embryos.    These  two  were  perfectly  formed,  having  both  right  and 
left  medullary  folds,  though  each  of  them  was  only  one-half  the  sin 
of  a  normal  embryo.     Of  the  other  six,  obtained  from  ova  in  which 
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the  black  pole  had  been  left  uppermost,  all  presented  only  one  side, 
right  or  left,  of  an  embryo,  as  in  Boux's  cases.  He  concludes  that  the 
position  in  which  the  egg  is  placed  after  the  operation  is  an  important 
factor  in  determining  whether  a  half  embryo  or  a  whole  embryo  of 
half  size  will  develop  from  one  of  the  two  first  blastomeres.  He 
thinks  that  the  phenomena  of  half  or  whole  development  of  an 
embryo  from  one  of  the  first  two  blastomeres  is  entirely  a  protoplasmic 
phenomenon.  The  results  have  nothing  to  do  with  a  qualitative 
division  of  the  egg  at  the  first  cleavage,  or  with  a  later  post-generation* 
Whether  we  get  a  half  or  a  whole  embryo  will  depend  upon  the  sub- 
sequent arrangement  of  the  protoplasm  in  the  uninjured  blastomere, 
and  upon  the  relation  of  the  protoplasm  of  the  uninjured  and  injured 
halves.  If  the  egg  is  turned  after  one  blastomere  has  been  injured, 
so  that  a  rotation  of  the  contents  of  the  uninjured  blastomere  takes 
place,  then  a  whole  embryo  tends  to  develop.  The  completeness  of 
the  development  will  depend  upon  the  extent  of  the  rotation.  If 
the  egg  after  the  operation  retains  its  normal  position,  then  a  half 
larva  will  develop.  In  a  postscript,  he  states  that  he  subsequently 
obtained  five  half  embryos  of  the  Kouz  type  from  92  eggs  when  the 
black  pole  remained  upwards  after  the  operation.  When  the  white 
pole  remained  upwards  after  the  operation  the  results  were  not 
uniformly  the  same  as  those  described  in  the  preceding  account. 
Seven  whole  embryos  of  half  size  and  three  half  embryos  were 
obtained  from  125  eggs.  In  one  of  these  latter  the  (half)  medullary 
fold  was  for  its  whole  length  quite  white  in  contrast  to  the  dark 
ventral  region.  This  shows  that  a  rotation  of  the  protoplasm  (beneath 
the  egg  coat)  must  have  taken  place,  without  however  producing  a 
whole  embryo  of  half  size.  We  must  therefore  conclude  that  the 
rotatio^  of  the  protoplasm  is  not  the  only  factor  determining  whether  a 
half  embryo  or  a  whole  embryo  of  half  size  is  produced.  The  results 
show,  nevertheless,  that  after  the  rotation  a  larger  percentage  of  whole 
embryos  of  half  size  are  obtained  than  of  half  embryos ;  and  further, 
that  in  those  cases  in  which  the  black  pole  remained  upwards,  half 
embryos  alone  were  obtained. 

Duplicity, — Duval  (XVII.),  in  a  most  elaborate  article,  deals  with 

the   question  of  Monsters  by   excess  and  defect.     In  his  opinion, 

polyspermia  is  the  chief,  if  not  the  only,  cause  of  redundancy  of 

development.     He  commences  his  argument  by  endeavouring  to  show 

that  the  so-called  dermoid  cysts  of  the  ovary  are  really  imperfect 

fcBtuses,  parthenogenetically  produced.     In  this  connection  he  cites  a 

very  remarkable  case  contributed  by  R^pin  (4),  where  a  dermoid  cyst 

contained  a  rudiment  of  a  foetus  provided  with  four  unequal  members, 

and  terminated  by  a  kind  of  head  composed  of  bones  arranged  in  a 

cube  and  provided  with  three  teeth.     The  bones  of  the  hands  and 

feet  were  formed  with  remarkable  perfection.      It  was  remarkable 

that,  whilst  the  body  contained  no  alimentary  canal,  there  was  lying 

by  it,  and  quite  independent  of  it,  a  cylindrical  tube,  which  on  being 

opened  poured  out  a  substance  like  meconium ;  on  microscopical 

examination  this  tube  presented  all  the  characteristics  of  a  piece  of 

intestine.     Of  course,  development  of  anything  like  this  extent  is 

i,  the  elements  found  being  generally  of  an  epithelial  nature,  a 
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fact  which  the  author  accounts  for  hj  pointing  out  that  the  epiblast 
is  the  first  to  appear  of  the  layers,  and  that  in  the  cases  in  question 
development  has  not  proceeded  any  further.     If  this  view  of  ovarian 
dermoids  is  correct,  we  ought  to  find,  as  indeed  we  do,  teratomata  of 
a  similar  kind  connected  with  the  testis,  and  owing  their  origin  to  a 
similar  parthenogenetic  development.     The  opposite  term  to  such  a 
process  of  imperfect  development  would  he  a  redundant  evolution,  due 
to  over-fecundation,   and  this  the  author  believes  to  be  the  onlj 
probable  cause  of  diplogenesis.      Following  upon  the  polyspermia 
would  be  the  apparition  of  two  primitive  streaks,  which,  as  is  verified 
by  the  facts,  appear  at  the  edges  of  the  blastodermic  disk,  may  take 
any  position  with  regard  to  one  another,  at  right  angles,  opposite, 
side  by  side,  &c.,  and  consequent  upon  their  relative  position  to  one 
another  will  be  the  position  and  amount  of  fusion  of  the  future 
double   monstrosity.     In  other  cases,   he    thinks,   the    ovum   maj 
present  two  blastodermic  disks  as  the  result  of  the  presence  in  it  of 
two  germinal  vesicles,  i.e.,  of  two  female  pronucleL     Such  cases  ai« 
very  rare,  almost  theoretical,  and  perhaps  only  realisable  in  those 
vertebrates  which,  like  birds,  reptiles,  and  cartilaginous  fishes,  have  a 
large  vitellus.     The  present  reporter  has  (XYIII.)  described  a  niunber 
of  double  malformations  amongst  fishes,  and  collated  the  accounts 
given  by  previous  writers.     He  finds  that  there  is  a  regular  series  oi 
these  forms,  which  may  be  arranged  as  follows : — (a)  Three  eyes  of 
the  same  size;  (b)  Three  eyes,  of  which  the  median  is  larger  than 
either  of  the  two  lateral;  (c)  Four  equal-sized  eyes;  (d)  Duplicity 
of  the   head,   extending    to  the  otic   region;    (e)  do.   to   pectoral 
region ;  (/)  Duplicity  extending  to  the  posterior  part  of  the  yolk-sac ; 
((/)  extending  still  further  back,  so  as  to  leave  a  triangular  gap  behind 
the  sac ;  (h)  Caudal  extremities  overlapping,  but  fused  by  their  con- 
tiguous aspects ;  (i)  Caudal  extremities  united  only ;  (j)  Ventral  union 
— anakatadidymus ;  (k)  Parasitism.    It  will  be  noticed  that  a  union  of 
the  cephalic  extremities,  the  hinder  parts  being  double,  has  never 
been  described.     Kuhe  (XIX.)  describes  the  anatomy  of  a  case  of 
Jfintceps,  and  says  that  it  is  quite  impossible  that  this  form  of  double 
monster  should  arise  from  an  incomplete  division  of  a  single  form 
which  has  made  some  progress  along  the  path  of  development.    li 
the  division  is  that  of  an  originally  single  anlage,  then  it  must  take 
place  before  the  formation  of  the  primitive  streak,  since  this  must 
have  been  double,  and  its  duplicity  must  have  been  due  to  the  forma- 
tion of  two  centres  of  division.     Meola  and  Bakunin  (XX.)  descnbe 
a  case  of  diprosopus  triophthalmus,  the  central  orbit  containing  two 
eyes.     The  hinder  part  of  the  4th  ventricle  and  the  brain  around  was 
single,  becoming  double  further  forward.    The  pons  was  absent,  and 
the  cerebella  were  rudimentarily  developed.     Those  cranial   nerves 
which   were  destined  for  the  supply  of   the  duplicate   area  were 
doubled,  the  rest  single.     Thus  there  were  three  oculo  motores,  bat 
four  abducentes,  two  faciales,  each  with  double  temporo-  and  cervico- 
facial branches.     The  heart  was  small,  and  had  an  interventricukr 
communication.     The  arteries  were  double  for  the  duplicate  parts, 
like  the  nerves.     Fusari  (XXI.)  describes  a  case  of  dicephalus  in 
which  there  were  single  abdominal  and  thoracic  cavities  with  one 
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sternnin.  There  were  two  heads,  necks,  upper  and  lower  extremities, 
and  vertebral  columns,  with  a  trace  of  an  intermediate  thoracic  girdle. 
There  was  a  single  heart,  with  four  auricular  appendices,  two  auricles, 
and  two  ventricles.  There  were  four  lungs.  The  alimentary  canal 
was  double  as  low  as  the  end  of  the  duodenum,  from  which  point  it 
remained  single.  The  liver  was  large,  and  possessed  two  gall-bladders. 
Marchand  gives  a  full  account  of  the  anatomy  of  a  Pygopagus  (XXlh), 
the  principal  noteworthy  points  in  connection  with  which  are  as 
follows: — (a)  The  sacrum,  from  the  2nd  vertebra  downwards,  and 
the  coccyx  are  double,  but  these  two  parts  do  not  belong  to  one  of 
the  two  bodies,  but  are  common  to  both,  (b)  The  lower  part  of  the 
'  meduUary  canal  is  also  common  to  both  bodies,  (c)  The  right  end 
twig  of  the  aorta  of  the  one  fcBtus  does  not  form  an  umbilical  artery, 
but  passes  into  the  left-end  twig  of  the  aorta  of  the  other.  The 
cardinal  veins  of  the  first  foetus  are  in  direct  connection  with  those  of 
the  other,  (d)  There  are  two  rectal  tubes,  but  only  one  anus,  which 
is  common  to  both.  Besides  this,  there  is  a  second  blind  anal  groove. 
(e)  The  vestibulum  vaginarum  is  single,  the  cUtoris  with  the  labia 
minora  shows  traces  of  an  originally  double  origin,  and  the  remaining 
urinary  and  genital  organs  are  completely  double.  (/)  The  placenta 
and  that  part  of  the  umbilical  cord  which  is  nearest  to  it  are  single, 
but  the  remainder  of  the  cord  and  the  umbilici  are  doubled.  Duloroy 
(XXIII.)  describes  a  pair  of  male  foetuses  united  by  their  anterior 
aspects,  and  possessing  a  common  heart  and  liver.  The  anus  was 
imperforate  on  both  sides.  Each  had  a  harelip  and  cleft-palate,  so 
arranged  that  one  looked  like  the  picture  of  the  other  in  a  glass. 
Two  of  the  upper  extremities  were  normal,  but  the  others  were 
deformed,  and  possessed  each  four  short  fingers.  In  a  case  of  thora- 
copagous  twins  described  by  Kempe  (XXIV.)  the  heart  had  six 
chambers,  viz.,  four  auricles  and  two  ventricles,  and  there  was  trans- 
position of  the  viscera  in  the  left  child.  Parsons  (XXV.)  describes 
a  most  remarkable  case  of  a  parasitic  foetus  attached  to  an  anencepha- 
lous  autosite.  There  were  three  arms,  of  which  the  posterior  of  the 
left  side  is  double  in  its  lower  part,  there  being  traces  of  two  olecrana 
{rf.  Dwight's  case  5,  that  of  Jolly  6),  and  the  hand  was  double.  The 
posterior  of  the  two  left  lower  extremities  was  also  partly  double, 
having  two  sets  of  tarsal  bones,  united  internally,  but  distinct 
externally.  These  were,  no  doubt,  the  extremities  of  a  second  foetus, 
the  body  of  which  was  welded  with  that  of  the  autosite. 

Kreutzmann  (XXVI.)  describes  a  case  of  Epignathuf*,  where  a 

tumour  depended  from  the  hard  palate  of  the  autosite.     This  had  an 

alveolar  and  palatine  cleft,  through  which  the  stalk  of  the  tumour 

passed  to  be  united  with  the  vomer  and  basis  cranii.     The  tumour, 

^vrhich  was  of  the  size  of  a  fist,  consisted  of  two  parts,  and  was  covered 

for   the  most  part  with  hair.     At  one  point  was  an  imperfectly 

developed  set  of  external  female  genitalia,  possessing  labia  majora  and 

ixiinora,  and  a  tube  representing  the  vagina.    These  lay  between  two 

rudimentary  lower  extremities.    The  tumour  was  cystic  in  its  nature, 

and  inclosed  masses  of  fat  and  a  cartilaginous  mass  which  may  have 

represented  a  pelvis.     On  microscopic  examination  the  stroma  was 

found  to  consist  of  a  connective  tissue,  which  was  very  rich  in  cells. 
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Scattered  through  this  were  strands  of  unstriped  muscular  tissue  and 
acinose  glands.  The  cjsts  themselves  were  lined  with  epithelium, 
which  was  in  some  cases  columnar,  in  others  flat  in  its  natuie. 
Another  case  of  the  same  kind  is  given  by  Sangalli  (XXVII.).  The 
autosite  was -female,  and  from  its  mouth  depended  a  voluminous  body, 
which  extended  as  low  as  the  umbilicus,  and  consisted  of  a  number  of 
larger  and  smaller  nodules.  It  hung  by  two  short  bands  of  fibrous 
tissue  from  the  hard  palate.  The  mass  itself  was  for  the  most  part 
composed  of  connective  tissue,  containing  epithelial  rudiments. 
Laminffl  of  bone  and  bundles  of  muscular  fibres  were  also  found  in 
places. 

Sangalli  (XXVIII.)  describes  a  case  of  Diphallus^  seen  first  in  the 
living  subject,  and  afterwards  more  fully  examined  at  a  post-mortem 
examination.     The  pelvis  was  large,  and  the  anterior  part  was  want- 
ing.    From  immediately  below  this  hung  down  a  sac,  which  was  sub- 
sequently discovered  to  have  contained  a  loop  of  the  ileum.    There 
was  a  penis  on  either  side  of  the  abdomen,  and  to  the  outer  side  of 
each  was  a  swelling  which  contained  a  testis.     The  right  penis  was 
imperforate,  and  below  it  was  a  small  opening  from  which  urine  was 
voided.     Below  this  again,  and  on  the  anterior  aspect,  was  a  false 
anal   opening,  the   true   one   being  occluded.     The  left  penis  was 
perforate,  but  the  passage  ended  blindly  after  a  distance  of  12  cm. 
Once  a  month  a  thin  serous  fluid  was  said  to  have  been  voided  from 
this.     There  were  two  small  urinary  bladders,  connected  with  each 
other  by  a  short  transverse  passage.     Into  these  the  ureters  opened, 
and  the  urine  was  voided  through  the  opening  under  the  right  penis. 
Ballantyne  and  Scot  Skirving  (XXIX.)  narrate  another  case  of  this 
class.     The  scrotum  was  divided  into  two  distinct  lateral  parts  by  a 
deep  mesial  groove,  the  two  sides  merged  more  or  less  in  front,  but 
posteriorly  were  widely  separated,  so  that  at  their  termination  they 
projected  backwards  as  two  distinct  pouches,  each  of  which  contained 
a  testicle.     In  front  of  the  posterior  end  of  the  divided  scrotum,  and 
in  the  middle  hne,  was  an  ill-defined  swelling,  covered  with  normal 
skin.     From  either  side  of    this  projected  a  penis  with    a    very 
short  prepuce ;  each  had   a  meatus,  but  it  was  probable  that  the 
urethra  of  the  left  side  was  blind.     Between  the  anuses  and  the  base 
of  the  penes-carrying  tumour  was  a  granulation-like  mass,  erectile  in 
its  nature,  from  the  centre  of  which  urine  was  voided  as  well  as  from 
the  right  meatus  urinarius.     The  literature  of  the  subject  of  diphallus 
is  carefully  dealt  with  in  this  paper,  and  the  following  conclusions  are 
reached  as  to  this  rare  condition :— -(a)  Only  about  twenty  cases  exist 
in  the  literature  of  teratology,     {h)  It  does  not,  per  «c,  interfere  with 
intra-  or  extra-uterine  life,     (c)  Urine  may  be  passed  by  one  or  both 
or  neither  penes.     In  the  last-mentioned  case  it  is  voided  from  an 
aperture  in  the  perineum.     Semen  may  be  passed  in  the  same  way, 
but  in  most  cases  sterility  has  been  the  rule,  even  if  there  has  not 
been  inability  to  perform  coitus,     {d)  All  degrees  of  duplication  have 
been  met  with,  from  a  fissure  of  the  glans  penis  to  two  distinct  penes 
inserted  at  some  distance  from  each  other  in  the  inguinal  regions, 
(e)  The  two  penes  are  usually  somewhat  defective  as  regards  prepuce, 
iirethra,  &c. ;  they  may  lie  side  by  side,  or  more  rarely  may  be  situated 
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antero-posteriorly ;  they  may  be  equal  in  size,  or,  less  commonly,  one 
is  distinctly  larger  than  the  other  ;  and  one  or  both  may  be  perforate 
or  imperforate.  (/)  The  scrotum  may  be  normal  or  split ;  the  testicles, 
commonly  two  in  number,  may  be  normal  or  atropine,  descended  or 
undescended ;  the  prostate  may  be  normal  or  imperfectly  developed, 
as  may  also  the  vasa  deferentia  and  vesiculsB  seminales.  {g)  The 
commonly  associated  defects  are,  mora  or  less  completely  separated 
bladder,  atresia  ani,  or  more  rarely  double  anus,  double  urethra,  in- 
creased breadth  of  the  bony  pelvis,  with  defect  of  the  symphysis  pubis, 
and  possibly  duplication  of  the  lower  end  of  the  spine,  and  hernia  of 
some  of  the  abdominal  contents  into  a  perineal  pouch.  Much  more 
rarely,  duplication  of  the  heart,  lungs,  stomach,  and  kidneys  has  been 
noted,  and  the  lower  limbs  may  be  shorter  than  normal. 

Chiarleoni  narrates  a  parallel  case  occurring  in  the  opposite  sex 
(XXX.),  a  child  of  33  months.  There  were  two  sets  of  external 
genitalia,  each  possessing  labia  minora,  and  on  the  left  side  a  clitoris, 
which  organ  was  absent  on  the  right.  On  the  left  side  there  was  a 
vestibule  about  1  cm.  in  depth,  and  a  minute  opening  below  the 
clitoris,  from  which  escaped  urine  and  fsBces.  In  the  right  vestibule 
was  an  opening  of  a  similar  character.     There  was  no  anus. 

Head  and  Nbck. — Valenti  (XXXI.)  describes  a  case  of  Cyclopia, 
in  which  there  were  two  palpebral  openings,  but  only  one  orbit  and 
no  proboscis.     There  was  a  median  alveolar  cleft,  and  the  right  pinna 
was  much  altered  in  shape.     The  right    temporal  bone    had    no 
tympanic  bone,  nor  trace  of  external  auditory  meatus,  membrana 
tympani,  nor  zygomatic  apophysis.     There  were  no  ossicles  present  on 
this  side.     A  dissection  of   the  orbit  showed  the  existence  of  one 
atrophic  eyeball,  without  cornea  or  lens.     The  brain  had  a  small 
single  portion  representing  the  cerebrum,  with  a  prominence  corre- 
sponding to  the  position  of  the  infundibulum  and  site  of  attachment  of 
the  optic  nerves.     The  left  hemisphere  of  the  cerebellum  was  smaller 
than  the  right.     Taruffi  (XXXII.)  narrates  a  case  of  cyclops  which 
is  almost  if  not  quite  unique,  where  there  were  two  proboscides,  one 
placed  below  an  orbit  containing  two  eyeballs  and  the  other  above  it. 
Broom  (XXXIII.)  describes  another  case  of  the  same  condition  in 
which  there  was  no  mesial  eye,  but  three  eyelids  which  formed  a 
triangle,  in  the  centre  of  which  was  an  epidermal  structure.     There 
was  no  proboscis.     There  was  an  imperfect  orbit,  posterior  to  which 
in  the  cranium  was  a  median  ridge  of  adipose  tissue,  containing 
muscular  bundles  which  represented  the  ocular  muscles.     Into  this 
passed  the  usual  nerves  of  the  orbit.     There  was  no  pineal  body,  nor 
anterior  corpora  quadrigemina,   cerebrum,  or  olfactory  lobes.     The 
author  thinks  that  the  primitive  characters  preserved  in  cyclopians 
form  a  link  between  the  Craniota  and  the  Acrania.     In  the  head 
described  are  present  all  the  primitive  vertebrate  structures,  but  there 
is  a  complete  absence  of  most  of  those  peculiar  to  the  Craniota.     He 
dioes  not  think   that  the  failure  in  development  could  have  been 
produced  by  an  occlusion  of  blood-vessels,  since  the  ground-plan  must 
Iiave  been  laid  down  before  any  blood-vessels  were  formed ;  and  the 
only  conclusion  which  seems  tenable  is,  that  there  has  been  some 
alteration  of  the  potentiality  of  the  developing  cells  of  the  ovum,  so 
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that  they  have  completed  their  evolution  when  they  reached  the  stage 
corresponding  to  the  adult  development  of  the  remote  ancestor. 

Frau  V.  Leonowa-Moskau  (XXXIY.),  in  speaking  of  the  condition 
of  the  sense  organs  and  ganglia  in  Anencephalus^  says  that  a  considera- 
tion  of  the  facts  which  she  has  already  hrought  forward,  together 
with  those  mentioned  in  this  paper,  shows  that  (a)  the  development 
of  the  sensory  nerve  system  is  independent  of  the  medullary  tube;  (h) 
that  the  peripheral  sensory  fibres,  like  the  posterior  nerve-roots,  grow 
out  of  the  spinal  ganglia,  as  His  teaches,  and  as  also  follows  from  the 
teachings  of  the  school  of  Gudden,  that  they  must  be  considered  as 
the  nuclei  of  origin  of  these  fibres.  The  existence  of  the  Gasserian 
ganglion  and  of  the  ganglion  nodosum  also  shows  that  these  structures 
are  the  sensory  ganglia  of  the  Yth  and  Xth  nerves,  which  also  show 
a  similar  independence  of  the  medullary  tube  to  that  of  the  spinal 
ganglia  and  the  posterior  nerve-roots.  It  is  worthy  of  mention  that 
the  voluntary  musculature  of  the  foetus  in  question  presented  no 
deviations  from  the  normal,  although  there  were  no  motor  nerve 
fibres  present,  and  no  spinal  cord. 

Schulte,  in  an  inaugural  dissertation  (XXXY.),  gives  a  careful 
account  of  the  bones  of  the  basis  cranii  in  cases  of  anencephalns, 
together  with  a  collection  of  cases  which  seem  to  show  that  the 
condition  has  its  origin  in  a  foetal  hydrops.  Manouvrier  (XXXVL) 
describe  J  a  case  of  microcephaly  in  a  hving  child,  which  presented  also 
unusual  development  of  the  canines  and  a  single  transverse  pahnar 
fold  only,  which  are  pithecoid  characters.  The  origin  of  the  mal- 
formation is  referred  by  the  mother  to  the  fact  that  during  her 
pregnancy  she  was  in  the  habit  of  carrying  heavy  loads  of  wood,  which 
she  rested  against  the  front  of  her  abdomen. 

Barwell  (XXX YII.)  describes  the  case  of  a  young  female  who 
possessed  a  median  Cfrviccd  Fisiulu,  situated  on  the  most  prominent 
part  of  the  thyroid  cartilage,  which  occasionally  discharged  a  little 
thin  fluid.  The  small  orifice  was  surrounded  by  depressed  and 
reddened  skin  for  about  a  quarter  of  an  inch  from  side  to  side ;  nearly 
half  an  inch  from  above  down  it  was  partially  overhung  by  a  trans- 
verse narrow  fold  of  healthy  skin.  On  palpation  a  line  of  cylindrical, 
somewhat  hard  tissue  could  be  felt  running  up  from  the  opening  to 
the  hyoid ;  this  seemed  to  be  about  the  size  of  a  cedar  pencil  The 
foramen  csBcimi  was  not  abnormally  large.  The  author  diagnosed  the 
condition  as  a  tubular  remnant  of  a  supra-hyoid  accessory  thyrcud 
gland.  Ballantyne  gives  an  account  of  Uie  chief  facts  known  aboat 
preauricular  appendages  (XXXYIII.),  which  he  believes  to  be  produced 
by  a  budding  from  the  margins  of  one  or  other  of  the  fissures  between 
the  facial  processes,  produced  by  the  agency  of  amniotic  adhe8ioo& 
Titone  (XXXIX.)  gives  a  minute  description  of  the  anomalous  arrange- 
ment of  the  fissures  and  convolutions  of  a  human  brain. 

Hbabt. — Grifiith  (XL.)  describes  the  heart  of  a  child  which 
survived  its  birth  for  eleven  weeks.  There  was  a  widely  patent 
foramen  ovale,  also  an  aperture  through  the  septmn  ventriciidoram 
at  the  anterior  part  of  the  undefended  spot.  There  was  also  a  lateral 
and,  which  is  much  rarer,  an  antero-posterior  transposition  of  the 
aorta  and  the  pulmonary  artery. 
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Abdomen. — Tesson  (XLI.)  describes  a  case  of  fusion  of  the  Kidneys, 
in  which  the  renal  mass  taken  as  a  whole  has  the  form  of  an  |_  open 
towards  the  right  (J),  or,  in  other  words,  it  is  formed  of  two  branches, 
one  of  which  is  vertical  and  directed  towards  the  left,  the  other 
horizontal  and  directed  towards  the  right.     The  horizontcd  portion 
lay  in  front  of  the  lumbar  portion  of  the  vertebral  column,  covering 
the  aorta,  the  vena  cava  inferior,  and  the  branches  at  the  bifurcation 
of  these  vessels.     The  vertical  portion  presented,  not  at  one  of  its 
edges,  but  on  its  anterior  aspect,  a  hilus,  from  which  arose  a  ureter. 
Dwight  (XLII.)  describes  a  case  of   anus  vulvalis.      The  rectum 
opened  into  the  vestibule  just  above  the  posterior  commissure;  its 
calibre  was  smaller  than  usual,  and  there  was  no  apparent  sphincter. 
There  was  a  very  slight  hymen.     Pilliet  and  Bougie  narrate  (XLIII.) 
a  remarkable  case  of  duplicity  of  the  uterus  of  a  very  unusual  type. 
On  the  right  side  was  a  vagina,  a  cervix  uteri  leading  to  a  uterine  cavity, 
the  organ  itself  being  fibromatous.     On  the  left  side  tbere  was  no 
kidney  or  ureter,  though  the  suprarenal  was  present ;  but  there  was  an 
elongated  uterus,  provided  with  two  cornua,  and  resembling  in  its 
form   the  foetal  type.     It  possessed  at  least  one  ovary,   and  was 
plastered  up  against  the  wall  of  the  iliac  fossa  and  of  the  true  pelvis. 
It  did  not  communicate  with  the  other  uterus.     The  authors  think 
that  two  hypotheses  might  be  put  forward  to  accoimt  for  this  condi- 
tion of  affairs.     It  might  be  a  case  of  true  duplicity  of  the  uterus, 
one  of  the  two  at  least  (the  right)  resulting  from  the  fusion  of  the 
two  Mullerian  ducts ;  one  not  developed,  the  other  fibromatous.     Or, 
secondly,  considering  that  four  ovaries  were  not  discovered,  it  might 
be  argued  that  some  unknown  cause  had  suppressed  the  left  kidney 
and  ureter  and  divided  the  uterus  at  the  level  of  the  pelvis,  leaving 
the  upper  part  infantile,  and  the  lower  developed.     Griffon  (XLIV.) 
gives  an  instance  of  the  ordinary  type  of  bifid  uterus,  the  peculiar 
feature  in  connection  with  which  was  the  existence  of  a  partition 
passing  antero-posteriorly  so  as  to  divide  the  pouch  of  Douglas  into 
two  lateral  compartments.     This  partition  was  formed  of  two  layers 
of   peritoneum.    Jacques  (XLY.)   describes    an  interesting  case  of 
Uterus  MasctUtntuf,    The  subject  from  which  it  was  taken  had  normal 
external  genitalia,  and  two  normal-sized  testicles  lay  in  their  ordinary 
position  in  the  scrotum.      Above  the  prostate,   and  between  the 
vesiculffi  seminales,  was  an  elongated,  prominent  body,  as  large  as  a 
finger  at  its  upper  part.     It  was  slightly  flattened  from  before  back- 
mrards,  and  was  muscular  in  structure.     Its  cavity  was  continuous  with 
the  prostatic  sinus,  and  the  mucous  membrane  which  lined  it  pre- 
sented a  number  of  small  blind  depressions,  very  similar  in  appearance 
to  the  lacuna  of  the  urethra.     On  microscopical  examination  a  great 
number  of  epithelial  cavities  were  seen  which  occupied  the  wall  of 
tlie  abnormal  organ  and  communicated  with  its  interior.     The  author 
thinks  that  the  organ  described  cannot  be  compared  morphologically 
-wdth  the  uterus,  and  still  less  with  the  entire  utero-vaginal  canal, 
-whether  its  macro-  or  micro-scopic  characters  are  considered.     The 
character  of  the  epithelium  is  neither  that  of  the  vagina  nor  of  the 
-uterus,  and  there  is  no  trace  of  any  segmentation  into  two  super- 
posed parts.    From  the  morphological  point  of  view,  he  thinks  that 
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the  cavity  of  the  organ  should  he  looked  upon  as  a  diverticulum  o! 
the  prostatic  urethra,  lined  hy  a  mucous  memhraue  very  analogous  to 
that  of  the  urethra.     Targett  (XLYI.)  records  two  cases  of  Psmdo^ 
hermaphroditism  :  (a)  passed  as  female,  had  a  marked  hyperfcrophj 
of  the  clitoris,  with  altered  sexual  inclinations;  {b)  passed  as  male, 
though  originally  thought  to  he  a  girl,  and  named  as  such.    The 
general  appearance  and  disposition  of  the  suhject  were  those  of  a 
male,  hut  the  appearance  of  the  genitalia  was  that  of  an  immatuie 
female,  with  the  exception  of  the  clitoris,  which  resemhles  the  penis 
of  a  hypospadiac  male.     A  swelling  in  this  suhject  in  the  right 
lahium  is  regarded  hy  the  author  as  having  prohahly  heen  an  ovarian 
hernia.     Cole  (XLY  LI.)  gives  an  account  of  a  case  of  hermaphroditism 
in  the  frog.     The  loft  genital  gland  or  ovo-testis  contained  a  single 
very  degenerate  ovum.     Its  capsule  proved  to  he  a  seminiferous 
tuhule,  which  at  one  end  contained  a  number  of  spermatozoa.    For 
the  most  part  this  gland  was  made  up  of  a  mass  of  polygonal  pigment 
cells  which  occur  normally  in  the  frog's  ovary,  with  however  patches 
of  normal  testis  at  its  poles.     The  right  gland  or  testis  was  somewhat 
larger  than  normal,  was  a  normal  mature  testis,  and  contained  one 
ovum.    Bauer  describes  a  case  of  anterior  abdominal  fissure  (XLY III.) 
commencing  just  below  the  sternum.     There  was  also  lordosis  of  the 
vertebral  column,  right  scoliosis,  and  spina  bifida. 

Limbs. — Manners-Smith,  in  a  paper  (XLIX.)  on  two  specimens  of 
Sijmmelia  which  he  has  dissected,  gives  a  list  of  the  chief  abnormalities 
of  the  muscular  and  osseous  systems  which  have  been  met  with  in 
this  class  of  monstrosities.     He  thinks  that  the  theory  of  S.  Hillaire, 
interpreted  in  the  light  of  modem  biological  research,  is   the  one 
which  is  most  satisfactory,  viz.,  that  there  is  an  inherent  tendency  for 
the  side  plates  or  limb  buds  to  unite,  an  affinity  of  like  part  for  like 
part, — understanding  by  affinity  nothing  more  than,  a  greater  tendency 
for  similar  than  dissimilar  parts  to  fuse.     That  this  tendency  is  latent, 
and  is  comparable  to,  and  is  possibly  the  descendant  of,  that  fusion 
which  (adopting  the  most  recent  view  as  to  the  origin  of  paired  and 
unpaired  limbs)   takes   place  in  the  posterior  portion    of    the  fin 
elements  of  certain  fishes.     Krakenberger  (L.)  describes  an  instance 
of  Macrodactyly  afiecting  the  fingers  of  both  hands.     The  right  hand 
was  much  enlarged,  and  the  three  central  fingers  particularly  so,  the 
pollex  and  minimus  being  only  to  a  slight  extent  increased  in  size. 
The  left  had  very  much  hypertrophied  annularis  and  medius,  and 
these  fingers  were  also  united  in  the  same  sheath  of  skin,  though  thej 
possessed  separate  nails  and  bones.     The  last-mentioned  fingers  were 
removed  when  it  was  found  that  there  was  a  great  deal  of  fat  under 
the  skin  on  the  volar  surface.     In  connection  with  the  bones,  the 
great  enlargement  of  the  epiphyses  was  specially  noticed,  these  being 
covered  by  numerous  exostoses.     The  size  of  the  diaphyses  was  fairij 
normaL     A  microscopic  examination  showed  a  very  unusual  amouni 
of  vascularity  of  all  the  tissues.     Galvani  (LI.)  narrates  two  cases  d 
Congenital  Hijpertrophy  :    (a)  male,  sBt.  25,  no  family  history  of 
abormalities :   he  was  bom  with  an  enlargement  of  the  ri&:bt  hand 
and  forearm,  but  a  very  remarkable  relative  increase  took  place  after 
the  age  of  20 :  after  amputation  it  was  noticed  that  the  muscles  ami 
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bones  were  normal  in  their  size,  that  the  subcutaneous  veins  were 
dilated,  and  that  the  enlargement  was  due  to  the  adipose  and  other 
sabcutaneous  tissues;  (b)  Child  set.  11  months,  no  family  history  of 
abnormalities :  at  birth  the  left  foot  was  larger  than  normal,  and  the 
^  second  phalanx  of  the  great  toe  was  nearly  double  its  proper  size,  the 
other  toes  were  of  the  ordinary  size:  this  condition  had  greatly 
increased  since  birth. 
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THE  STRUCTURE  OF  THE  CEREBRAL  HEMISPHERE 
OF  ORNITHOBHYNGHUS.  By  G.  Elliot  Smith,  M.D., 
Ch.M.,  UrmeTsUy  of  Sydney. 

In  a  preliminary  paper  concerning  the  anatomy  of  that  part  of 
the  hemisphere  which  surrounds  the  hilum,  which  was  recently 
published  in  this  Jo%imal  (1),  I  advanced  certain  views,  which 
are  more  or  less  at  variance  with  the  currently  accepted  theories 
of  cerebral  morphology.  As  these  conclusions  were  the  direct 
outcome  of  a  somewhat  extended  comparative  study  of  the 
brain  of  OmitTiomychtis,  I  propose,  before  further  discussing 
the  questions  raised  in  the  preliminary  paper,  to  give  a  brief 
account  of  some  of  the  outstanding  features  in  the  morphology 
of  the  hemisphere  of  Platypus.  For  the  sake  of  brevity  and 
conciseness,  I  shall  postpone  the  description  of  the  histology, 
only  referring  to  the  minute  structure  in  as  far  as  it  has  a 
direct  bearing  upon  morphology.  At  the  same  time  it  is  only 
right  to  mention  that  all  the  statements  made  here  are  based 
upon  an  extensive  and  comparative  histological  study. 

The  early  literature  of  the  subject,  which  is  comprised  in  the 
i^orks  of  Meckel  (2)  and  Owen  (3)  and  the  brief  note  by  Gamer 
(4),  has  been  so  frequently  and  fully  reviewed  (Flower  (5), 
Symington  (6),  Hill  (7),  among  others),  that  it  is  quite  unneces- 
say  to  do  so  here. 

In  1891  Sir  William  Turner  published  (8)  a  brief  account  of 
the  surface  anatomy,  which  he  has  just  supplemented  by  a  short 
paper  and  figure  (9)  in  this  Journal.  Johnson  Symington  in 
1893  contributed  a  note  and  figure  relating  to  the  commissures 
only  (6).  The  most  ambitious  attempt  to  describe  the  cerebrum 
of  Ornithorhynchvs  is  the  paper  which  Alexander  Hill  presented 
to  the  Boyal  Society  of  London  in  1892  (10). 
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The  only  other  reference  to  any  original  work  npon  the 
Platypus  brain  (apart  from  the  numerous  short  notes  (11) 
which  I  have  published  during  the  past  eighteen  months)  is 
the  reference  made  by  Zuckerkandl  in  his  monograph  on  the 
smell  centre  (12).  His  material  was  apparently  in  such  bad 
condition  that  his  figures  and  description  are  valueless. 

I  have  had  the  immense  advantage,  which  all  previous 
workers  have  lacked,  of  abundant  fresh  and  properly  pre- 
served material  with  which  to  work.  This  enables  one  to  speak 
definitely  and  without  hesitation  upon  many  features,  which 
previous  workers,  from  the  nature  of  their  material,  have  been 
obliged  to  neglect  altogether,  or  to  speak  of  in  a  very  undecided 
manner.  The  monotreme  type  constitutes  an  extremely  impor- 
tant stage  in  the  evolution  of  the  mammalian  cerebrum.  For 
wide  as  is  the  gap  which  separates  the  Frototheria  from  reptiles, 
the  hemisphere  of  OmUhorhynehnis  in  certain  features  presents 
a  much  stronger  resemblance  to  the  reptilian  than  to  the  Eutherian 
structure. 

In  addition  to  the  interest  and  importance  which  attaches  to 
the  brain  of  OmithorhynchtLs  from  the  zoological  position  of  its 
possessor  and  its  transitional  characters,  it  presents  a  number  of 
features  of  an  individual  interest  to  the  neurologist    Of  these 
the  most  important  is  perhaps  the  enormous  development  of  the 
trigeminal  nerve,  which  is  peripherally  connected  wiUi  numerous 
specialised  sense  organs,  which  have  been  described  by  Wilson 
and  Martin  (13).    Associated  with  this  great  development  the 
pons  and  medulla  present  upon  their  ventral  aspect  a  huge 
swelling,  due  to  the  large  size  of  the  so-called  sensory  nucleus 
of  the  fifth  nerve.    The  substantia  gelatinosa  Solando  in  the 
medulla  and  cervical  cord  also  attains  very  large  proportions. 
Associated  with  these  features  tiiiere  is  a  huge  fillet,  ending  in 
the  optic  thalamus  of  the  opposite  side.    The  thalamus  atteuns 
very  large  dimensions,  and  presents  an  extreme  degree  of  lateral 
extension,  reducing  the  corpus  striatum  posteriorly  to  a  mere 
film  of  grey  matter  (mde  ir^ra,  sch.  6  and  10). 

Arising  from  this  thalamus  there  is  an  extremely  abundant 
fibre  system,  which  contributes  as  much  to  the  intenial  capsule 
as  the  crus  cerebri  does. 

The  olfactory  bulb  consists  of  a  small  eUipeoidal  gtey 
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lying  in  front  of,  and  partly  overlapped  by,  the  hemisphere 
proper  (sch.  1,  2,  3,  and  fig.  12,  o.b.).  Its  peculiar  features 
I  have  already  described  and  figured  (14).  Briefly  it  may  be 
described  as  a  thin  walled  sac,  which  has  become  deeply  invagin- 
ated  along  an  oblique  line  situated  upon  the  upper  part  of  its 
lateral  wall  (schema  1,  olf,  iwo,). 

While  the  general  morphology  of  the  bulb  in  Omithorhynchua 
conforms  to  the  reptilian  and  that  of  Echidna  to  the  mammalian 


Sch.  1. — Lateral  aspect — olfactory  bulb  x  2. 

type,  the  organ  in  both  monotremes  probably  diverges  widely 
from  the  early  Prototherian  type.  In  its  fine  structure,  as  exhib- 
ited by  the  Golgi-stain,  it  resembles  that  of  other  lowly  mammals. 
The  bulb  is  connected  to  the  hemisphere  proper  by  means  of 
a  short  peduncle,  which  presents  an  elliptical  outline  in  trans- 


J  ..>2l 

via         ■ 


Sch.  2.— Ventral  aspect  of  the  anterior  part  of  hemisphere  x  2. 

verse  section,  the  major  axis  being  transverse.  The  walls  of  its 
lumen,  lined  with  low  columnar  epithelium,  are  concentric  with 
itB  peripheral  outline.  Upon  examining  the  basal  aspect  (fig.  12 
(p.  487)  sch.  2)  of  the  brain,  the  peduncle  (pei.)  will  appear  to  divide 
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into  two  parts,  which  are  separated  by  a  slight  boss  of  grey  matter 
of  elliptical  outline — the  ttibercidum  olfaetorium  (to.).  The  lateral 
division  of  this  apparent  backward  extension  of  the  olfactory 
peduncle  is  the  pyriform  lobe  (pyr,),  which  forms  a  narrow  and 
somewhat  irregular  band  of  grey  matter,  extending  backwards  to 
end  eventually  by  turning  upwards  upon  the  mesial  hemisphere 
wall  behind  the  hippocampus.  (This  has  been  described  and 
figured  in  this  Journal,  voL  xxx.  p.  159,  fig.  1.) 

This  pyriform  lobe  is  limited  laterally  by  a  deep  and  very 
well  defined  rhinal  (ectorhinal)  fisswre  (/.n),  which  separates  it 
from  the  pallium  (using  that  term  in  Turner's  sense). 

Behind  the  prominence  of  the  tuberculum  olf  actorium  there  is 
a  pale  depressed  area  (sch.  1,  ^.^.),  which  is  directly  continuoiis 
(above  the  optic  chiasma)  with  the  floor  of  the  'tween-braiiL 
The  homol(^e  of  this  region  in  the  cat  has  been  distinguished 
by  Burt  Wilder  (15)  as  the  2?or^to  depressa,  in  contradistinction 
to  the  tuberculum'  olfactorium,  which  he  calls  portio  prominens 
of  the  locus  prceperforatu^.  It  corresponds  to  the  basal  part  of 
the  gyru^  mbccdloms  of  Zuckerkandl  (the  pedu/ncuius  corporis 
ccdlosi  of  Vicq-d* Azyr ;  the  pechmcuius  sepii  pellucidi  of  Burdach). 
This  region,  which  may  be  called  the  area  depressa,  corresponds 
to  the  true  anterior  perforated  space,  where  the  small  basal 
vessels  enter  the  corpus  striatum.  Ganser  has  clearly  pointed 
this  out  in  the  brain  of  the  mole,  in  which  he  distinguishes  this 
region  as  the  substantia  cinerea  anterior  of  Stieda  (16).  It  is  a 
curious  fact,  however,  in  the  monotremes  that  the  lenticulo- 
striate  vessels  enter  the  ganglia  in  the  depths  of  the  fissure 
(endorhinal)  which  separates  the  tuberculum  olfactorium  from 
the  pyriform  lobe. 

In  Platypus  this  fissure  also  extends  backwards,  cutting  off  the 
area  depressa  from  the  pyriform  lobe.  In  Echidna  and  all  other 
mammals  the  area  depressa  is  directly  continuous  with  the 
pyriform  behind  the  fissura  endorhinalis. 

The  region  of  the  mesial  hemisphere  wall  in  front  of  the  com* 
missures  has  hitherto  only  been  very  imperfectly  understood,  in 
spite  of  the  numerous  and  detailed  descriptions  which  have  been 
published  concerning  it  in  various  animals.  The  detailed 
accounts  of  its  development  in  higher  mammals  (by  His,  Ifo- 
chand,  and  Paul  Martin,  among  others)  have  failed  to  throw  the 
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necessary  light  upon  the  subject  of  its  morphology.  But  the  in- 
trinsic difficulties  in  the  interpretation  of  its  morphology  in  the 
higher  mammals  are  so  great  as  to  be  practically  insuperable 
without  the  key  which  the  monotreme  or  marsupial  affords. 
Direct  comparison  of  Eutherian  with  reptile  is  only  likely,  from 
the  very  simplicity  of  the  latter,  to  aggravate  the  difficulty  and 
increase  the  confusion.  The  two  main  factors  in  the  evolution 
from  reptile  to  Eutherian — and  hence  the  causes  of  the  con- 
fusion— are  (Id)  the  disappearance  of  the  cephalic  extremity  of 
the  hippocampus,  and  (2nd)  the  encroachment  of  the  pallium, — 
both  signs  of  a  higher  type  of  cerebrum.  In  the  monotreme  and 
marsupial  one  finds  at  the  same  time  all  the  stages  in  the  en- 
croachment of  the  pallium,  without,  however,  the  loss  of  the 
anterior  end  of  the  hippocampus.  Hence  there  is  provided  a  com- 
plete series  of  stages  from  submammalia  to  Eutheria,  which  show 
at  a  glance  the  meaning  of  the  arrangement  It  would  be  diffi- 
cult to  exaggerate  the  importance  which  the  bearing  of  these 
facts  has  upon  the  interpretation,  not  only  of  the  region  in 
question,  but  of  the  entire  hemisphere  in  the  whole  vertebrate 
series,  the  essential  uniformity  of  whose  general  plan  it  so 
clearly  demonstrates — ^in  contradistinction  to  the  manifest  want 
of  uniformity  which  must  have  impressed  anyone  who  has 
examined  the  literature  of  this  subject 

Upon  glancing  at  this  region  of  the  hemisphere  in  Omitho- 
rhyrulma,  the  mesial  wall  of  the  olfactory  peduncle  (sch.  3,ped,) 
will  be  seen  to  extend  upwards  and  backwards  above  the 
tuberculum  olfactorium  (t.o,)y  which  appears  as  a  fusiform  grey 
mass,  to  become  continuous  with  a  region  which  shall  presently 
be  described  as  the  *  precommissural  area.' 

The  thin  lamina  dn^rea  (I.e.)  will  be  seen  extending  upwards 
from  the  optic  chiasma  (op.)  towards  the  commisswra  ventralis 
(C.Y.).  Here  the  lamina  terminalis,  of  which  the  lamina  cinerea 
forms  the  ventral  part,  swells  out  to  include  not  only  the 
eommissura  ventraliSy  but  also  the  commissura  dorsaiis  (CD.). 
Included  between  these  two  great  commissural  bands  there  is 
the  thickened  lamina  terminalis  (S.)  which  I  have  elsewhere 
(17)  called  the  cammismre-bed.  It  consists  of  a  bridge  of  grey 
matter  connecting  the  precommissural  area  of  one  hemisphere 
i^th  the  other.    When  it  becomes  stretched  and  otherwise 
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modified  by  the  growing  dorsal  commissiire  in  hi^er  mammah, 
it  is  known  as  the  septwm,  lucidum.  In  the  scheme  its  true 
nature,  as  a  thickening  of  the  lamina  terminalis,  is  apparent 
Immediately  above  the  conunissura  dorsalis  there  may  be  seen 
a  fusiform  grey  mass,  the  anterior  extremity  of  ^<dfaxMLdenJtaia 
(F.D.).  It  bends  downwards  as  it  extends  forwards,  and  ternd* 
nates  at  the  level  of  the  upper  part  of  the  conmiissura  ventraliB. 
In  the  angle  between  the  fascia  dentata  and  the  lamina 
terminalis  (containing  the  conmiissures)  there  is  a  large  pale 
region — the  preeommiasfural  area?-  (P.A.).    It  extends  downwards, 


ScH.  8. — Plan  of  anterior  part  of  mesial  Bur&ce  of  oerebial  hemisphoro    enlargod, 

to  become  continuous  with  the  tuberculum  olfactorium  (T.O.), 
and  behind  this  with  the  area  depresaa  (8)  at  the  base  of  the 
brain.  Anteriorly  it  narrows  between  the  downwardly  directed 
anterior  extremity  of  the  hippocampus  and  tuberculum  olfac- 
torium, to  become  continuous  with  the  mesial  and  basal  aspects 
of  the  olfactory  peduncle  (ped,).  This  constricted  portion 
corresponds  to  the  radix  mesalis  (or  some  equivalent  term)  of 
most  writers. 

^  For  the  reasons  which  induced  me  to  adopt  this  name  see  a  paper  entitled  "  k 
preliminary  communication  upon  the  Cerebral  Commissures  of  the  If  ammalh," 
etc.)  Tranaactions  of  the  Linnean  Sodety,  K.S.W.,  yoL  iz.  parti?. 
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The  preoommissurcd  area  (P. A.)  ia  clearly  distingaishable  from 
the  surrounding  regions  by  its  much  paler  colour,  which  is  caused 
by  a  dense  network  of  nerve-fibres  which  are  situated  immediately 
below  its  surface  (vide  infroj  sch.  11  and  7).  Hence  it  may  be 
readily  mapped  out  in  a  fresh  brain,  in  a  manner  which  is 
represented  in  schema  3. 

Dorsally  it  is  separated  from  the  pallium  by  the  hippocampus, 
of  which  the  fascia  dentata  (F.B.)  appears  upon  the  surface.  But 
below  and  in  front  of  these  structures  the  precommissural  area 
and  the  mesial  surface  of  the  olfactory  peduncle  both  become  con- 
tinuous with  the  pallium.  The  dividing  line  between  these  regions 
and  the  pallium  is  clearly  seen  in  the  fresh  brain  from  their  paler 
colour  (vide  sch.  11),  but  it  is  also  indicated  by  a  shallow  furrow 
(sch.  3,  p),  which  conducts  a  vein  from  the  hippocampal  fissure 
(A./)  to  the  groove  between  olfactory  pedimcle  and  pallium. 

It  was  to  this  area  of  blending  of  olfactory  peduncle,  pre- 
commissural area,  and  pallium  in  the  Eutherian  brain  that  Broca 
gave  the  name  carrefour  de  Vhemi&phere  (18).  Since  his  time 
this  heterogeneous  field  has  been  adopted  as  a  definite  cortical 
region,  under  the  name  Broca* s  area  (19),  or  as  the  area  par- 
olfadoria  of  His  (20).  From  what  has  just  been  said  regarding  its 
constitution,  its  value  as  a  morphological  division  of  the  cerebral 
surface  is  very  questionable.  The  want  of  definiteness  about  the 
limits  of  the  region  plainly  shows  itself  in  the  descriptions  given 
by  different  writers.  As  figured  and  described  by  Broca  (Jioc,  dt.)  it 
is  mainly  composed  of  precommissural  area,  whereas  it  is  largely 
composed  of  pallium  as  His  describes  it  {loc,  cU,)} 

The  Hippocampus. 

All  that  can  be  seen  of  the  hippocampal  formation  in  a  view 
of  the  undisturbed  mesial  wall  of  the  hemisphere  is  the  small 
fusiform  area  (sch.  3,  fd.)  above  the  dorsal  commissure,  which 
corresponds  to  the  anterior  extremity  of  the  fascia  dentata. 
This  is  limited  above  by  the  hippocampal  fissure.  The  fascia 
dentata  may  be  seen  in  the  rest  of  its  extent  by  drawing  aside 
in  a  fresh  brain  the  palUal  operculum,  which  extends  downwards 

1  Since  this  was  written,  Edinger  has  used  the  term  (in  speaking  of  the  reptile- 
brain)  in  quite  a  new  sense. 
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and  hides  the  posterior  part  of  the  hippocampal  formation  from 
view. 

If  the  lateral  ventricle  be  opened  up  and  the  corpus  striatum 
and  overlying  cortex  be  removed,  the  hippocampus  maj  be  seen 
as  a  prominent  bulging  from  the  inner  wall  of  the  ventricle. 
The  outline  of  this  bulging  is  roughly  represented  (twice  the 
natural  size)  in  scL  4.  From  this  it  will  be  seen  that  the 
posterior  extremity  rapidly  tapers  as  it  bends  downwards  and 
forwards  as  a  long  diminutive  taiL^  Anteriorly  the  hippocampus 
also  tapers  slightly  as  it  bends  downwards  and  forwards  round 
the  precommifisural  area. 

The  tail  of  the  hippocampus  retains  to  its  extremity  the 
typical  structure,  and  bulges  into  a  long  narrow  descending  horn 


SCH.  4. — ^The  hippocampus  (in  silhoaette)  seen  from  the  rentricalar  aspect 
The  precommissural  area  and  anterior  commissare  in  outline  x  2. 

of  the  ventricle,  of  correspondingly  diminutive  proportions. 
Although  the  hippocampus  of  Echidna  possesses  a  tapering 
posterior  extremity,  it  cannot  be  compared  to  the  peculiar  ap- 
pearance which  that  of  OmithorhyTickus  presents. 

In  a  horizontal  section  made  through  the  upper  part  of  the 
commissura  ventralis,  the  extreme  anterior  end  of  the  hippo- 
campus and  the  *  tail '  will  be  both  cut  transversely.  The  ap- 
pearance of  such  a  section  is  represented  in  schema  5,  and  the 
two  hippocampal  regions  are  shown  on  an  enlarged  scale  in  the 
schemata  5'  and  5". 

The  anterior  extremity  of  the  hippocampus  will  be  seen  (scL 

'  In  this  Joumal  in  October  last  I  described  and  figured  the  hippocampus  with 
a  coQsiderably  shorter  '  tail.'  In  all  my  earlier  specimens  the  extremely  delicate 
extremity  of  the  hippocampus  had  become  lost  in  the  process  of  hardening.  It 
was  only  quite  recently,  in  dissecting  some  fresh  material,  that  I  diKoveied  its 
true  extent. 


J 
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Soa.  S. — Harizontal  section  tbroagli  the  forebrsin  at  the  IsTel  of  the  appet  part 

ot  the  anterior  commUsure  (i;.v.)-     x  about  3. 
Sen.  5'. — The  anterior  part  of  the  hippocampiu  Irom  Sch.  5  enlarged. 
ScU-  6' — The  "tftil''  of  the  hippocampiu  from  Sch.  6  on  a  larger  acals. 
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5')  as  a  slight  bulging  (covered  with  alveus  fibres,  aiv.)  into  the 
anterior  horn  of  the  ventricle.  The  fascia  dentata  (f-d.)  lies  on 
the  surface  immediately  behind  the  hippocampal  fissure  (h.f.) ; 
and  the  whole  formation  is  separated  from  the  commissura 
ventralis  by  the  precommissural  area,  the  surface  of  which  is 
white  from  the  presence  of  large  masses  of  nerve  fibres  in  its 
superficial  part,  but  whose  ventricular  aspect  is  grey,  and  there- 
fore contrasting  markedly  with  the  white  covering  of  the  pes 
hippocampi 

Coronal  sections  through  the  anterior  extremity  of  the  hippo- 
campus are  represented  in  schemata  6  and  7  (fnde  infra). 

The  horizontal  section  through  the  '  tail '  of  the  hippocampus 
presents  a  very  diflferent  appearance  (sch.  5").  The  small  hippo- 
campus (hip.)  with  a  very  thin  alveus  (alv.)  and  no  fimbria 


to.     Py 


SoH,  6.— T.S.  in  front  of  the  Sch.  7. — ^T.S.  anterior  extremity  of  hippo- 

commissures,  campus  and  precommissond  area. 

bulges  into  the  little  crescentic  cavity  of  the  descending  horn  of 
the  ventricle  (l.v.).    Its  margin  is  capped  by  the  fascia  dentata. 

Immediately  behind  the  hippocampus  is  the  upturned  posterior 
extremity  of  the  pyrif  orm  lobe  (pyr.),  limited  anteriorly  by  the 
hippocampal  fissure  (A/.),  and  posteriorly  by  the  rhinal  fissure 

This  is  the  part  of  the  pyrif  orm  which  is  the  homologue  of  the 
gyrus  hippocampi  (uncinatus). 
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In  a  transverse  9ection  through  the  anterior  extremity  of  the 
precommissural  area,  the  mutual  relations  of  a  number  of  distinct 
histological  formations  is  demonstrated  (sch.  6  and  7).  Thus 
the  fascia  dentata  (stratum  granulosum  and  stratum  moleculare) 
and  the  'nucleus  fasciae  dentatsB*  (ie.,  the  mass  of  poljrmor* 
phous  cells  lying  between  the  stratum  granulosum  and  the 
ventricle)  will  be  seen  to  form  the  ventral  margin  of  the  hippo- 
campus and  to  fuse  with  the  precommismral  area  (p.a.). 

Upon  looking  into  the  ventricle  of  the  fresh  brain  in  the 
r^on  indicated  in  sch.  6,  the  floor  and  lower  parts  of  the 
lateral  walls  will  be  noticed  to  be  formed  by  an  apparently 
uniform  grey  mass,  which  contrasts  markedly  with  the  white  roof 
and  upper  parts  of  the  lateral  walls.  This  grey  mass  is  formed 
by  the  preconmiissural  area  (and  its  backward  continuation — the 
eommissure'bed),  which  becomes  continuous  (sch.  6)  in  the  floor 
of  the  ventricle  with  the  corpus  striatum  (c.st.\  which  here 
forms  the  greater  part  of  the  lateral  wall  of  the  ventricle. 

In  this  r^on  the  corpus  striatum  will  be  observed  to  extend 

down  to  the  base  of  the  brain  without  any  apparent  line  of 

demarcation  between  it  and  the  surface  region  called  'tuber- 

culum  olfactorium.'    In  the  marsupials  and  most  Eutheria  the 

tuberculum  olfactorium  has  a  well  defined  cortex,  which  Ganser 

has  well  described  in  the  mole  under  the  name  'Binde  am 

Kopf  des  Streifenhiigels '  (21).     In  Ornithorhynchus  (like  the 

reptiles)  no  definite  cortical  arrangement  is  discernible,  but 

merely  a  scattered  mass  of  cells  not  definitely  marked  off  from 

the  corpus  striatum.    This  fact  led  Adolf  Meyer  (who  worked 

at  the  reptile  brain)  to  make  the  erroneous  generalisation  that 

this  r^on  is  cortexless,  and  a  place  where  the  central  ganglia 

come  to  the  surface  of  the  brain  (22).    The  cortical  area  which 

does  exist  appears  to  be  purely  olfactory  in  function.    Fibres 

from  the  olfactory  radiations  terminate  in  it ;  it  varies  in  size 

vnth  the  degrees  of  macrosmatism ;  and  it  appears  to  be  absent 

in  the  anosmatic  cetacea  (I  have  examined  the  porpoise). 

The  precommissural  area  also  varies  in  development  with  the 
olfactory  apparatus,  of  which  it  appears  to  be  a  '  switch-station ' 
between  olfactory  bulb  and  hippocampus.  It  also  appears  to 
be  quite  wanting  in  the  porpoise,  the  large  bare  area  where  the 
corpus  striatum  comes  to  the  surface  on  the  basal  and  mesial 
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aapects  of  the  brain  doeel;  simulatiug  the  tnbercnlam  olfac- 
torium  and  precommiBSural  area  reapectively.  The  form  of  the 
corpuB  striatam  undeigoes  great  variatiooB  as  it  is  traced  back* 
wards  in  a  series  of  coronal  sections.  A  horizontal  section 
(sch.  5)  explains  the  meaning  of  these  variations.  At  the 
anterior  extremity  of  the  hemisphere  (sch.  6)  it  forms  in  tronH- 
verse  section  an  obliquely  directed  elongated  ellipsoid  figoie. 
In  the  region  of  the  commissures  (sch.  8)  it  forms  a  plump  mas, 
which  appears  to  lie  in  a  sling  formed  by  the  medullary  matter 
of  the  hemisphere.  It  has  the  same  form  when  it  first  comes 
into  relationship  with  the  tiialamus  (ach.  9),  but  the  extreme 


ScB.  8.— T.S.  through  both  i 


lateral  growth  of  the  latter  soon  reduces  the  corpus  striatum 
to  an  extremely  narrow  grey  band  (sch.  5  and  10),  which  is 
continuous  ventrally  with  the  pyriform  lobe  (sch.  10,  pyr) 
throi^h  the  intermediation  of  the  nucleus  amygdalie  (n.a.). 

The  corpus  striatum  is  divided  into  caudate  and  lenticular 
nuclei  by  a  very  imperfect  internal  capsule  (which  is  seen  at 
ite  best  in  sch.  9).  It  merely  cousiBts  of  a  number  of  discrete 
bundles,  which  do  not  form  any  definite  tract 

It  is  a  very  s^ni£cant  fact  Uiat  in  OmithorhyTuAKi  and 
Hchidna,  both  of  whom  (and  especially  the  latter)  have  verywell 
developed  pallia,  such  an  imperfect  and  poorly  developed  internal 
capsule  should  exist ;  while  marsupials  and  Eutheria  {Notorydes, 
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Peramdes,  Tatpa,  Erinaceua),  with  much  smaller  pallia,  have  rela- 
tively larger  and  much  better  developed  internal  capsules.    It 


•i-' 


SoH.  9.— T.8.  jaat  behind  the  commisaniai; 
I  undoubtedly  an  important  transitional  feature  between  the 


SoH.  10.— T.S.  posterior  part  of  hemUphf 


discrete  peduncular  system  of  the  reptilia  and  the  concrete  in- 
ternal capsule  of  h^her  mnmmftla, 
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Certain  Fibre4raels  of  the  Cerebrum. 

The  fibrcB  arising  from  the  mitral  cells  of  the  olfactory  bulb — 
the  so-called  '  olfactory  radiations '  (Biechstrahlnngen)  of 
Edinger — proceed  backwards  upon  tiie  ventral,  lateral  and 
mesial  surfaces  of  the  olfactory  '  peduncl&  They  have  been 
divided  by  various  writers  into  a  number  of '  roots '  or '  tracts,' 
which  have  been  distingnished  by  names  which  are  utterly  per^ 
plexing,  not  so  much  from  their  variety — for  they  are  aingnlarly 
limited  in  number — bnt  from  the  varied  significance  attached  by 


Sob,  11. — Showing  the  most  important  fibre  tncta  in  the  medal 
hemisphere  wall. 

different  writers  to  practically  the  same  name.  I  shall  therefore 
be  content  to  describe  snch  tracts  aa  I  have  found,  avoiding  this 
confusion  of  nomenclature. 

1.  The  most  lateral  fibres  extend  directly  backwards,  to  ter- 
minate by  end-branchings  in  the  molecular  layer  of  the  [tri- 
form lobe — tract  to  pyriform. 

2.  The  most  internal  fibres  (scb.  II,  b.)  extend  npwards  sod 
backwards  upon  the  mesial  wall  of  the  hemisphere,  to  end  in  the 
precommissural  area — traet  to  j^acommisniral  axM- 

3.  The  intermediate  fibres  extend  directly  backwards,  to  (er- 
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minate  in  the  superficial  lajer  of  the  cortex  of  the  tuberculum 
ol&ctoriiim — tract  to  the  tvherculwn  olfaxioriwni. 

These  three  tracts  form  the  second  stage  of  the  olfactory  patht 
the  first  stage  being  formed  by  fibres  arising  in  the  olfactory 
mucous  membrane,  and  ending  in  the  glomeruli  of  the  oUactory 
bulb. 

HippocarwpaX  Fibres. 

Fibres  arising  from  or  about  to  enter  the  hippocampus  cover 
its  ventricular  surface,  as  the  so-called  almus.  The  fibres  from 
the  alveus  collect  at  its  margin,  and  form  a  longitudinally 
runidi^  bundle,  which  in  Metatherian  and  Eutherian  brains  forms 
a  prominent  ridge — the  ^m&ria.  This  ridge  is  extremely  poorly 
developed  in  both  monotremes,  and  more  especially  in  OmUho- 
rhyTUihus,  in  the  greater  extent  of  whose  hippocampus  no  sign 
of  a  ridge  is  discernible  in  transverse  section  (see  sch.  6",  9  and 
10). 

The  fibres  from  that  part  of  the  hippocampus  lying  behind 
the  lamina  terminalis  are  conducted  via  the  fimbria  to  the  region 
of  the  commissures,  where  they  behave  in  varied  ways. 

In  the  monotremes  and  marsupials,  however,  a  considerable 
part  of  the  hippocampus  lies  above  and  in  front  of  the  commis- 
sural region.  How  do  the  fibres  from  this  region  behave  1  Un- 
like the  fibres  from  the  posterior  region,  all  the  hippocampal 
fibres  from  the  anterior  region  do  not  enter  the  lamina  termin- 
alis, but  proceed  more  or  less  directly  to  their  destinations.  One 
therefore  has  an  admirable  opportunity,  which  the  Eutherian 
brain  does  not  afford,  of  studying  the  course  of  these  fibres. 

Schema  11  represents  a  sagittal  section  through  the  mesial 
surface  of  the  anterior  extremity  of  the  fore-brain.  In  it, 
fibres  have  been  drawn  (by  camera  lucida)  from  a  series  of 
sections  in  various  planes»  but  all  within  a  thickness  of  less  tiian 
1  mm. 

The  fibres  brought  from  the  posterior  parts  of  the  hippocampus 
by  the  fimbria,  enter  the  lamina  terminalis  at  the  situation 
occupied  by  the  dorsal  commissure  (cA).  Here  a  considerable 
proportion  of  them  cross  the  middle  line,  forming  this  dorsal  or 
bippocampal  commissure. 

Others  bend  downwards  and  backwards  behind  the  ventral 
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commiflsure  to  form  part  of  the  colvmrui  fomicis  (a/.).  This 
columna  also  receives  contributions  from  the  anterior  part  of  the 
hippocampus.  These  fibres  may  be  seen  describing  a  somewhat 
Snshaped  course  through  the  precommissural  area  and  *  septum ' 
above  the  ventral  commissure.  Fibres  then  collect  from  all 
parts  of  the  hippocampus  to  form  the  columna  f ornids  of  the 
same  side.  A  second  series  of  fibres  collected  from  all  parts  of 
the  hippocampus  extend  doT¥nwards  in  front  of  the  commissura 
ventralis,  and  arch  round  in  the  precommissural  area  towards  the 
portio  depressa,  where  they  form  part  of  a  very  weU  marked 
bundle  (sch.  11,  a.),  which  extends  across  the  portio  depressa  upon 
the  base  of  the  brain,  and  ends  in  the  region  of  the  nucleus  amyg- 
dalae. This  definite  bundle  is  the  pedvm^mlufi  corporis  caUosi  of 
Vicq-d'Azyr,  the  pedunculus  septi  peUuddi  of  Burdach,  the 
banddette  diagonale  of  Broca,  and  the  main  part  of  Zuckerkandl's 

*  Biec/ibundel  des  Comu  Ammonia '  (23).  The  grey  area  in  which 
it  lies  is  the  gyrus  subcMosus  of  ZuckerkandL  It  may  be  re- 
marked in  passii^  that  this — the  great  bulk  of  the  so-called 

*  Biechbundel ' — is  probably  not  associated  in  any  way  with  the 
sense  of  smelL  It  is  merely  an  association  bundle  between  the 
hippocampus  and  the  region  of  the  nucleus  amygdalae.  I  shaU 
therefore  distinguish  it  as  the  hippocampo-hasal  association  bwndle 
of  precommissural  fibres.  As  it  is  present  bx  an  extremely  well 
developed  form  in  certain  anosmatic  cetacea  (porpoise),  there  is 
good  reason  to  question  the  propriety  of  Zuckerkandl's  name. 

Arising  in  the  precommissural  area  there  is  a  scattered  but 
important  series  of  fibres  (sch.  11,  c),  which  proceed  directly  up- 
wards and  backwards  into  the  fascia  dentata  (f.d.),  where  they 
course  (and  apparently  terminate)  in  the  molecular  layer  (dL). 
I  have  described  this  bundle  (24)  as  the  olfactory  humdU  of  the 
fascia  dentata.    At  that  time  I  was  firmly  convinced  from  the 
appearance  of  Weigert-stained  sagittal  sections  {vide  sch.  11)  that 
it  was  a  direct  and  uninterrupted  tract  from  the  olfactory  bnlb 
to  the  fascia  dentata  (ie.,  that  the  fibres  h.  and  c,  were  continuous). 
The  appearance  in  the  sections  was  deceptively  like  IJiat  of  a 
direct  tract.    But  the  appearance  of  sections  of  a  Peramdes- 
brain  (stained  by  Marchi's  method),  in  which  an  experimental 
excision  of  the  olfactory  bulb  was  practised,  lends  no  support  to 
the  idea  of  a  direct  and  unbroken  tract.    While  further  investiga- 
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tions  by  the  degeneration  method  are  necessary  to  settle  this 
point,  it  seems  clear  that  the  olfousiory  hmcUe  to  the  fascia  den- 
tata  is  interrupted  in  the  precommissural  area. 

In  addition  to  these  tracts,  there  is  a  strong  fibre  connection  in 
the  mesial  hemisphere  wall  between  the  deep  aspect  of  the  cor- 
tex of  the  tuberculum  olfactorium  and  the  alveus  hippocampi 

A  few  fibres  from  the  precommissural  area  appear  to  enter 
the  dorsal  commissure,  constitutii^  the  eamnmsu/re  of  the  pre- 
eommissu/ral  area.    Of  this  more  will  be  said  later. 


The  Commissures. 

Fibres  derived  from  the  whole  extent  of  the  pallium,  from  the 
pyriform  lobe  and  nucleus  amygdalse,  from  the  olfactory  ped- 
uncles and  tuberculum  olfactorium,  collect  to  form  a  large 
strand  of  fibres — elliptical  in  sagittal  section — ^which  passes 
through  the  corpus  striatum,  gaining  fibres  from  the  latter  as  it 
goes,  to  cross  the  middle  line  in  the  lamina  terminalis  as  the 
cam/imssura  ventralis. 

The  fibres  derived  from  the  rest  of  the  hemisphere — ^hippo- 
campus and  precommissural  area — ^f  orm  the  commissfu/ra  dorsaiis. 
In  Orniihorhyrichus  the  fibres  of  the  dorsal  commissure,  as  they 
cross  the  middle  line,  simply  form  a  loose  rounded  bundle,  with 
no  attempt  at  any  morphological  arrangement.  In  EchHwi 
there  is  little,  if  any,  more  definite  disposition  of  fibres.  This 
is  another  feature  in  which  the  monotremes  differ  from  all  other 
mammals,  and  resemble  the  submammalia.  In  the  marsupialia 
one  can  trace  the  evolution  of  the  dorsal  commissure  band 
from  the  amorphous  monotreme  condition  to  the  definite  bi- 
laminar  commissure  of  the  Macropodidse,  whose  illusory  resem- 
blance to  the  whole  dorsal  commissure  of  higher  mammals  so 
deceived  Flower  in  1865  (25).  Thus  the  arrangement  of  the 
hippocampal  commissure  in  Koala  is  but  a  slight  advance  upon 
that  of  the  monotreme,  while  Feramdes  and  Dasywrus  occupy  a 
position  intermediate  between  the  stages  exhibited  by  Eoala 
and  Macropus.  In  the  evolution  of  the  £u-  from  the  Meta* 
theria  a  new  and  more  deeply  significant  factor  comes  into  play. 
A.  bundle  of  fibres  springing  from  the  dorsal  part  of  the  pallium, 
^whose  xmdoubted  homologues  form  part  of  the  ventral  commis- 
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sure  in  the  Proto-  and  Meta-theria,  now  passes  across  the 
middle  line  with  the  fibres  of  the  dorsal  commissure  (26). 
The  latter  therefore  now  consists  of  three  instead  of  two  series  of 
fibres :  (1^)  the  commissural  fibres  of  the  precommissural  area; 
and  {2nd)  the  hippocampal  commissure,  both  of  which  are  present 
in  the  Metatheria ;  and  (3reQ  the  dorsal  commissure  ofthepaUium^ 
which  has  been  added  in  the  Eutheria.  The  latter  fibres  in- 
sinuate themselves  between  the  other  two  series  of  fibres,  the 
morphologically  caudal  extremity  of  the  dorsal  commissure 
remaining  hippocampal,  the  cephalic  extremity  containing  the 
fibres  from  the  precommissural  area.  The  rapid  increase  of  the 
paUial  part  of  the  commissure  soon  throws  these  two  more 
ancient  commissures  into  insignificance. 

One  is  now  prepared  to  briefly  discuss  what  exactly  is  meant 
by  the  term  *  corpus  callosum.' 

In  the  seventeenth  century  one  finds  writers,  such  as  William 
Gowper  (27),  speaking  of  the  '  corpus  callosum '  in  the  sense 
of  the  whole  white  matter  of  the  cerebrum,  because  it  is  hard 
and  firm  compared  with  the  grey  matter.  I  am  aware  that 
other  derivations  in  abundance  have  been  advanced,  as  Cruveilhier 
has  pointed  out,  but  this  appears  to  me  a  much  more  plausible 
explanation  than  any  he  adduces.  Cowper  speaks  of  the  great 
trahs  cerebri  as  the  j?ar«  transversalis  corporis  ccdlosu  But  even 
fifty  years  before  his  time  Continental  anatomists  were  using 
the  term  in  the  same  sense  as  Cow^i'spars  transversalis.  Since 
the  beginning  of  the  eighteenth  century  it  has  retained  this 
latter  significance  until  quite  recently. 

The  recognition  of  the  hippocampal  commissure  as  a  distinct 
morphological  division  of  the  great  commissure  has  impressed 
upon  most  observers  the  advisability  of  drawing  some  distinc- 
tion between  the  two  series  of  fibres.  Hence  the  hippocampal 
commissure  has  been  by  the  great  majority  of  anatomists  ex- 
cluded from  the  corpus  callosum.  A  number  of  writers,  haw- 
ever  (Ganser  and  Paul  Martin  among  them),  ignoring  the  great 
morphological  and  phylogenetic  factor^  which  distiuguish  these 
two  series  of  fibres,  and  militate  against  their  being  bunched 
into  one  incongruous  group,  persist  in  still  applying  the  term 
<  corpus  callosum '  to  the  whole  dorsal  commissure. 

The  morphological  and  phylogenetic  features  which  distm- 
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gxiish  the  commissure  of  the  precommissural  area  from  the 
dorsal  commissure  of  the  palliv/m,  are  even  greater  than  those 
which  separate  the  latter  from  the  hippocampal  commissure, 
since  the  precommissural  area  and  its  commissure  are  phylo- 
geneticallj  more  ancient.  Hence  there  is  even  less  reason  for 
grouping  this  commissure  with  the  pallial  commissure  than 
there  is  in  the  case  of  the  hippocampaL  Yet  His,  while  dis- 
tinguishing hippocampal  from  pallial  commissure,  includes  the 
commissure  of  the  precommissural  area  with  the  latter.  It  is 
the  signal  merit  of  Reichert  of  recognising  the  latter,  which  he 
called  commissura  pedurunUorum  septi  (27),  although  he  did  not 
appreciate  its  deep  morphological  significance.  Henle  called  it 
'  Commissfwra  baseos  alha!  Concerning  this,  His  (28)  says,  "  Das 
was  mit  diesen  Namen  beschrieben  worden  ist,  ist  die  Endplatte 
des  Balkenschnabels  (die  Lamina  rostralis  unse^er  Liste)." 

It  would  appear,  then,  that  the  older  anatomists  have  included 
under  one  category  three  heterogeneous  series  of  fibres,  to  which 
collectively  the  name  '  corpus  callosum '  has  become  attached, 
after  being  divorced  from  its  original  meaning.  It  is  perhaps 
useless  now  to  protest  against  the  want  of  meaning  in  the  term 
itself,  seeing  that  Gerdy  and  Broca,  among  many  others,  have 
protested  in  vain.  But  surely  it  is  not  too  much  to  expect, 
now  that  a  definite  knowledge  of  its  evolution  and  morphology 
is  dawning,  that  some  uniformity  in  the  application  of  the  term 
will  be  adopted.  The  literature  relating  to  the  cerebral  commis- 
sures within  recent  years  affords  but  too  clear  an  indication  of 
the  utter  chaos  which  such  a  confused  and  uncertain  nomencla- 
ture can  produce.  To  be  consistent,  the  term  '  corpus  callosum ' 
must  either  be  restricted  to  the  dorsal  commissv/re  of  the  pallium^ 
which  forms  the  great  bulk — practically  the  whole — of  the 
commissure  in  man,  and  which  is  found  only  in  Eutheria ;  or, 
on  the  other  hand,  it  must  include  both  the  hippocampal 
commissure  and  the  commissure  of  the  precommissural  area, 
i.e.,  the  whole  of  the  dorsal  commissure  in  all  animals. 

The  confusing  element  is  at  once  apparent  if  the  latter  defini- 
tion be  adopted,  for  then  one  must  admit  that  a  corpus  callosum 
is  present  in  all  vertebrates — a  statement  which  can  only  be  a 
never-ending  source  of  confusion  to  the  morphologist,  and  help  to 
maintain  the  discussion  of  the  commissures  at  the  same  stage 
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that  it  has  oocnpied  for  the  past  fifteen  years,  t.e.,  little  else 
than  a  verbal  quibble. 

For  if  this  definition  be  adopted,  one  could  then  say  that  the 
dorsal  commissures  of  the  frog,  snake,  and  man  were  all  corpus 
caUosum,  and  an  unwary  student  might — and  pardonably — 
conclude  that  the  three  commissures  were  homologous.  Whereas 
the  dorsal  commissure  of  the  frog  is  mainly  derived  from  the 
precommissural  area,  that  of  the  snake  is  mainly  hippocampal, 
and  that  of  man  is  almost  wholly  palliaL  To  apply  the  name 
to  the  whole  dorsal  commissure  is  only  likely  to  perpetuate  the 
confusion  which  has  been  such  a  stumbling-block  to  the  com- 
parative neurolo^t  within  recent  years. 

The  confusion  in  nomenclature  is  surely  disconcerting  enough ; 
but  when  writers,  taking  advantage  of  a  meaningless  term,  set 
up  criteria,  as  false  as  they  are  iQogical,  of  a  corpus  callosum, 
such  criteria  as  suits  each  individual's  purpose  or  preconceived 
ideas,  it  is  not  surprising  for  a  new  investigator  to  find  his  path 
strewn  with  appalling  obstacles  in  the  shape  of  a  chaotic 
literature,  in  which  extensive  and  valuable  contributions  to  our 
knowledge  have  been  sacrificed  to  these  vicious  influences. 

For  instance,  when  one  recollects  that  the  vast  bulk  of  the 
hemisphere  of  higher  mammals  is  pallium,  and  that  in  reptiles 
the  pallium  is  so  insignificant  and  ill-defined  as  to  be  with 
difficulty  recognised,  the  absurdity  of  comparing  the  commiaaures 
of  two  such  brains  upon  a  topographical  basis,  and  homologisiiig 
two  commissures  simply  because  they  connect  the  parts  that 
happen  to  be  dorsal  in  the  two  hemispheres,  as  Osbom  does  (29) 
(quite  regardless  of  the  fact  that  the  dorsal  part  of  one  hemi- 
sphere is  hippocampus,  and  of  the  other  pallium),  is  apparent,  and 
needs  no  further  comment. 

This  is  but  a  sample  of  the  transparently  false  criteria  which 
have  been  set  up  in  great  profusion  in  recent  years. 

The  moral  of  all  this  is,  that  if  the  science  of  anatomy  is  to 
free  itself  from  the  retarding  influence  of  such  illogical  and 
paralysii^  factors,  it  must  either  be  altogether  rid  of  the  abBord 
and  worse  than  useless  term  '  corpus  callosum,'  or  restrict  it  to 
the  dorsal  comrmsmre  of  the  pallium^  which  is  present  only  in 
Eutheria. 
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EXPLANATION  OF  REFERENCES  TO  FIGURES  IN  TEXT. 

alv. — alveus. 
a./.— columna  fornicis. 
c.d, — commissura  doraalis  (hippocampi). 
c,v. — commissura  ventrcUis  (seu  anterior). 
cer,  — cerebellum. 
cm, — corpora  mammillaria. 
est, — corpus  striatum. 

e.o.r, — *  external  olfactory  radiation '  lying  upon  the  pyriform  lobe. 
/  d.  — fascia  dentata. 
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Fio.  12.— Base  of  Brain  of  Ornithorhynohm 

fi. — fimbria. 
fi. — docculna, 

f.T. — fisauta  rhinalis  (ecto-rhinalia). 
f.e, — Rssura  uDdorhinalis. 
h.f. — hippocampal  fiasnre. 
Aip.-^hippocam  pus, 
l.v. — lateral  ventricle. 
med, — ineduUaiy  matter  of  henuBphere. 
B.C. — nucleus  caudatua, 
n.i. ^nucleus  lenticularis. 
R.a. — nucleus  amygdalfe. 
o.h. — olfactory  bulb. 
olf.  inv. — olfactory  inTagination. 
alf.  n. — olfactory  nerves. 
op. — optic  tract. 
ped. — olfactory  peduncle. 

pi. — pallium. 
p.a.^'  precommia»ural  area.' 
pone — pona  Varolii. 
pyr. — pyriform  lobe. 
p.d. — 'area  deprtKO.' 

8. — '  commissure-bed '  or  septum. 
t.g. —  stratum  granulosum  oi/.d. 
e.  med. — stria  medullaris. 
«t.^.— stria  terminalis. 
Lo. — tuberculum  olfactorium. 
(.v. — tuberculum  quiriti, 
thai. — optic  thalamus, 
trail,  tyl. — vallecula  Sylvii. 
IV  n.— Fourth  nerve. 

Stdnkt,  N.S,W,,  March  13,  1896. 


HALICn(ERU8  GRTPUS:  THE  GREY  SEAL.  Obsbrva- 
noNs  ON  ITS  External  Appearances  and  Visceral 
Anatomy.  By  David  Hepburn,  M.D.,  MC,  F.RS.Ed, 
Lecturer  on  Regional  Aruxtomy,  UnwersUy  of  EdinbwrgK 

{GorUvrmed  from  page  419.) 

rv.  Examination  of  the  Viscera. 

(a.)  AlimerUary  System, — 

The  oesophagus  was  a  powerful  muscular  tube,  lined  by  a 
mucous  membrane  thrown  into  longitudinal  rugse.  When 
stretched,  the  mucous  membrane  presented  a  uniform  surface, 
studded  with  numerous  fine  granular  points,  as  if  dusted  with 
sand.  Close  to  its  junction  with  the  stomach  it  measured  2^ 
inches  in  diameter,  and  very  readily  admitted  my  hand  and 
forearm. 

The  stomach,  emptied  of  its  contents,  and  lying  flaccid  on  a 
table,  presented  a  lesser  and  a  greater  curvature,  to  each  of 
which  there  was  attached  a  corresponding  omentum.  Close  to 
the  pyloric  end  of  the  lesser  curvature  there  was  a  slight  diver- 
ticulum or  sacculation  projecting  in  the  direction  of  the  liver. 

The  oesophageal  end  of  the  stomach  presented  a  cardiac 
enlargement  on  its  greater  curvature,  but  it  did  not  rise  above 
the  level  of  the  cardiac  orifice.  The  most  pronounced  bulging 
on  the  greater  curvature  was  seen  in  its  pyloric  halt  The 
external  diameter  at  the  cardiac  orifice  was  similar  to  the  width 
of  the  oesophagus,  viz.,  2^  inches ;  externally  the  pylorus  mear 
sured  1  inch  in  diameter.  The  position  of  the  pylorus  was 
indicated  by  a  strong  resistant  ring,  almost  cartilaginous  in  its 
consistence.  The  greatest  transverse  diameter  of  the  stomach  in 
its  empty  state,  from  the  pyloric  orifice  to  the  great  curvatore, 
was  12  inches ;  the  greatest  length  from  the  oesophageal  oiiiBce 
to  the  greater  curvature  at  a  point  in  the  pyloric  half  of  the 
great  curve  was  14  inches. 

There  was  an  abrupt,  distinct,  but  not  absolutely  straight  line 
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of  demarcation  between  the  gastric  and  oesophageal  mucous 
membranes.  In  the  stomach,  the  mucous  membrane  was  darker, 
thicker,  and  more  spongy  than  in  the  oesophagus ;  and  when 
slightly  stretched,  numerous  pit-like  openings  became  visible. 

I  passed  my  hand  and  forearm  through  the  oesophagus  into 
the  interior  of  the  stomach,  and  onwards  towards  the  pyloru& 
At  a  point  on  the  lesser  curvature,  4  inches  from  the  pylorus, 
something  of  the  nature  of  a  curtain  or  partition  projected  to- 
wards the  interior  of  the  stomach  from  the  lesser  curve.  As  a 
consequence  of  this  arrangement,  the  cavity  of  the  stomach 
formed  a  recess  on  the  pyloric  aspect  of  this  curtain.  By  chang- 
ing the  position  of  my  hand  and  passing  it  along  the  great 
curvature,  I  found  no  obstacle  to  its  progress  as  far  as  the 
pylorus,  through  which  it  was  impossible  to  force  my  finger 
into  the  duodenum,  because  the  passage  was  blocked  by  a 
rounded,  valve-like,  and  fairly  rigid  pad,  projecting  from  the 
inferior  or  hinder  aspect  of  the  pylorus.  However,  by  reversing 
the  position  of  my  hand  and  applying  it  to  the  lesser  curvature, 
a  passage  into  the  duodenum  was  easily  effected,  although  in 
this  position  there  was  also  a  smaller  projecting  valve-like  pad« 
The  pyloric  orifice  would  only  transmit  my  middle  finger,  which 
implies  a  diameter  of  slightly  more  than  half  an  inch. 

When  the  stomach  was  inflated  to  a  moderate  size,  a  very 
acute  flexure  was  seen  in  the  region  of  the  lesser  curve,  nearer 
to  the  pylorus  than  to  the  oesophagus.  The  sides  of  this  flexure 
were  maintained  in  close  apposition  by  the  gastro-hepatic  omen- 
tum, and  it  was  at  once  evident  that  this  feature  of  the  stomach 
i^all  accounted  for  the  projecting  curtain  found  on  the  internal 
aspect. 

In  its  partially  distended  condition  the  stomach  somewhat 
resembled  an  inverted  egg-shaped  retort, — the  oesophagus  being 
attached  to  the  larger  end,  the  abrupt  flexure  representing  the 
neck,  and  the  pyloric  dilatation  the  wide  outlet,  from  which  the 
duodenum  was  continued.  No  doubt  the  acute  flexure  in  the 
stomach  wall  is  a  mechanical  arrangement  for  securing  an 
effective  circulation  of  its  contents,  whereby  undigested  masses 
-woidd  be  directed  against  the  greater  curvature,  while  their 
escape  through  the  pylorus  would  be  easily  prevented  by  its 
strong  valvular  pads.      Certainly,  although  ki^  masses  of 
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partially  digested  material  were  found  in  the  interior  of  the 
stomach,  only  the  finest  palp,  pinkish  and  pasty,  was  seen 
throughout  the  intestina 

The  contents  of  the  stomach  consisted  entirely  of  the  remains 
of  fishes,  in  various  stages  of  digestion.  Numerous  vertebrae, 
representing  fish  of  various  sizes,  skull-bones,  jaw-bones,  spines, 
ribs,  and  fin-rays,  besides  quantities  of  ova,  were  found.  The 
largest  vertebrae  were  identified  ^  as  belonging  to  a  specimen  of 
LophiuB  pi&ecUorius,  of  at  least  2  feet  in  length ;  and,  from  the 
absence  of  the  large  skull-bones  of  this  animal,  probably  the 
seal  bit  off  and  rejected  the  bulky  head  of  this  fish.  The 
majority  of  the  other  bones  represented  GudicUjB  of  different 
sizes ;  and,  judging  from  the  state  of  their  vertebral  columns, 
probably  these  were  swallowed  entire. 

SmcUl  IrUestine. — ^For  about  a  foot,  the  small  intestine  was 
disposed  in  relation  to  the  head  of  the  pancreas,  and  this  por- 
tion may  be  regarded  as  the  duodenum.  Three  inches  from  the 
pylorus  it  received  the  common  bile-duct  and  the  pancreatic 
duct  on  its  dorsal  aspect.  These  ducts  entered  the  intestinal 
wall  in  close  proximity  to,  but  distinct  from,  each  other.  They 
perforated  the  wall  very  obliquely,  and  without  communicating 
with  each  other.  Their  orifices  were  suflBciently  oblique  to 
enable  the  duodenum  to  retain  air  forced  into  it  from  the 
stomach,  but  air  pumped  into  the  duodenum  from  its  distal  end 
readily  escaped  by  the  ducts  in  question. 

The  coils  of  the  small  intestines  (jejunum  and  ileum)  were 
very  elaborate,  and  were  retained  in  position  by  a  mesentery 
attached  to  the  dorsal  aspect  of  the  abdominal  wall  in  a  tians^ 
verse  direction.  Between  the  peritoneal  layers  of  the  mesentery, 
and  close  to  its  base,  there  was  one  laige  gland  measuring  9 
inches  in  length.  The  average  depth  of  the  mesentery  was  8 
inches. 

Large  Intestine. — The  longitudinal  muscular  fibres  of  the 
large  intestine  were  disposed  in  a  continuous  stratum,  and  there- 
fore its  wall  was  non-sacculated.  In  length  it  measured  2  feet, 
exclusive  of  the  rectum,  which  was  rather  more  than  1  foot 

^  I  have  pleasure  in  acknowledging  the  ready  assistance  of  Mr  James  Simpson, 
of  the  University  Anatomical  Museum,  and  of  Mr  Eagle  Clarke,  of  the  Koseom 
of  Science  and  Art,  Edinburgh,  in  identifying  these  specimens. 
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The  CcBcum  was  situated  close  to  the  duodenum,  and  was 
devoid  of  a  vermiform  appendix.  Measured  from  the  lower 
margin  of  the  ileum,  at  its  line  of  junction  with  the  colon  to  its 
free  end,  the  csecum  extended  2  inches.  A  peritoneal  fold — 
ileo-ceecal  ligament — ^attached  the  ileum  and  ccecum  to  each 
other.  The  csecum  was  distinctly  narrower  throughout  its 
entire  length  than  the  colon,  but  the  narrowest  part  was  a  dis- 
tinct constriction  half  an  inch  from  the  nearest  point  of  the  ileo- 
csecal  line  of  junction.  This  constriction  might  be  regarded  as 
indicating  a  rudimentary  stage  in  the  separation  of  caecum  into 
caecum  proper  and  vermiform  appendix. 

Heo-ccecal  Valve. — Having  made  an  aperture  in  the  colon 
opposite  its  junction  with  the  ileum,  it  was  possible  to  examine 
the  valvular  arrangements  of  the  ileo-caecal  orifice.    These  were 
very  imperfect,  and  were  disposed  in  relation  to  a  circular  open- 
ing not  quite  so  large  as  the  lumen  of  the  small  intestine.    The 
folds  of  lining  membrane,  which  played  the  part  of  valves,  were 
not  of  sufl&cient  size  to  occlude  the  orifice.    They  were  arranged 
more  especially  in  relation  to  the  dorsal,  ventral,  and  hinder 
aspect  of  the  orifice.     On  the  hinder  or  cceccU  aspect  of  the  orifice 
a  dorso-ventral  fold  of  a  somewhat  triangular  appearance  was 
situated.    Its  apex  and  sides  were  fused  with  the  wall  of  the 
caecum,  but  its  base  was  crescentic  and  free,  and  directed  for- 
wards.   From  the  dorsal  extremity  of  this  crescentic  border  the 
valvular  fold  was  continued  into  a  small  dorsal  valve,  having  a 
semilunar  outline.     A  third  and  more  extensive  semilunar  fold 
was  situated  on  the  ventral  aspect  of  the  orifice.    Both  horns  of 
the  semilune  were  visible  from  the  interior  of  the  colon.    The 
hinder  horn  faded  on  the  surface  of  the  hinder  or  csecal  flap, 
the  anterior  horn  fused  with  the  wall  of  the  colon  in  front  of 
the   crescentic  dorsal  flap,  and  thus  both  extremities  of  the 
dorsal  valve  were  embraced  by  the  ends  of  the  ventral  one. 
From  the  angle  at  which  the  ileum  joins  the  colon,  it  is  quite 
clear  that  the  fusion  of  their  contiguous  walls  is  sufficient  to 
accoimt  for  the  triangular  flap  or  valve  on  the  hinder  or  csecal 
aspect  of  the  ileo-csecal  orifice.    Further,  it  is  interesting  to  note 
that  this  triangular  hinder  valve  corresponds  in  position  to  the 
inferior  or  perpendicular  flap  of  the  corresponding  valvular 
apparatus  in  man ;  and  that,  by  a  fusion  of  the  contiguous  horns 
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of  the  dorsal  and  ventral  semilunar  folds,  accompanied  by  such 
an  increase  of  their  size  as  would  reduce  the  antero-posterior 
diameter  of  the  orifice,  we  should  practically  reproduce  tiie 
valvular  arrangements  familiar  in  man 

The  colon  was  not  differentiated  as  in  man. 

The  rectum  possessed  a  well-defined  mesentery  in  its  anterior 
half. 

The  Iwer  was  a  bulky  multi-lobulated  organ,  and  when  removed 
from  the  body  it  no  doubt  underwent  considerable  flattening. 

Its  dAaph/ragTnatic  surface  measured  23  inches  laterally,  and 
from  10  to  18  inches  in  the  dorso-ventral  direction.  The  falci- 
form ligament  and  ligamentum  teres  were  well  marked,  and 
the  general  surface  of  the  organ  was  cleft  to  varying  depths  by 
a  number  of  fissures.  To  the  left  side  of  the  falciform  lig.  there 
were  two  lobes,  the  smaller  one  being  nearest  to  the  left  border. 
To  the  right  side  of  the  falciform  lig.  there  were  three  lobes,  the 
smallest  being  situated  between  the  lig.  teres  and  the  deep 
fissure  in  which  the  fundus  of  the  gall-bladder  appeared. 

The  abdominal  surface  of  the  liver  was  also  much  lobulated.  In 
addition  to  those  lobes  already  described  on  the  diaphragmatic  sur- 
face, there  was  tmother  which  was  continuous  with  the  Spigelian 
lobe,  and  which  hxmg  pendulotis  from  the  right  end  of  the  hilum. 
The  hUu/m  measured  5  inches  in  the  transverse  direction  In 
its  general  plan,  this  surface  conformed  to  what  ia  found  in  man. 
Thus,  the  lob,  guadraius  was  situated  between  the  hilum  and  the 
deep  fissures  which  were  occupied  by  the  lig.  teres  and  the  gall- 
bladder respectively.  The  Spigelian  lobe  was  placed  between  the 
hilum  and  the  grooves  occupied  by  the  inferior  vena  cava  and 
the  ductus  venosus  respectively.  In  this  way  three  lobes— in- 
cluding the  pendulous  one,  which  was  in  reality  a  lob.  eaudatus 
— were  left  to  represent  the  remainder  of  the  right  lobe  of 
human  anatomy,  while  the  left  lobe  of  the  human  liver  was 
represented  by  the  two  lobes  already  referred  to  as  l]ring  to  the 
left  side  of  the  falciform  ligament.  The  lig.  teres  (obhterated 
umbilical  vein)  was  crossed  by  a  pons  hepatis.  This  ligament 
was  patent  to  a  distance  of  4  inches  from  the  Uver.  Farther, 
the  unobliterated  lumen  communicated  with  the  portal  yem 
at  the  left  end  of  the  hilum,  while  the  ductule  venosus,  whi<^ 
was  continued  to  join  vena  cava  inferior,  was  patent  throughout 
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its  entire  length,  cuid  quite  readily  admitted  a  dissecting-room 
blow-pipe. 

The  gaU-Uadder  was  empty,  and,  as  already  mentioned,  it 
occupied  a  deep  fissure  on  the  abdominal  aspect  of  the  liver, 
while  its  fundus  projected  towards  the  diaphragmatic  surface, 
and  extended  some  distance  beyond  the  ventral  border  of  the 
Uver.  The  termination  of  the  bile-duct  has  already  been 
referred  to. 

The  spleen  was  a  flattened  organ,  attached  to  the  left  aspect 
of  the  greater  curve  of  the  stomach  by  the  gastro-splenic 
omentum.  It  was  also  suspended  to  the  lumbar  region  by  the 
phrenico-splenic  ligament.  Its  maximum  length  was  14  inches 
and  its  maximum  breadth  5  inches.  The  anterior  or  ventral 
border  presented  numerous  notches,  and  on  its  outer  surface  there 
were  half  a  dozen  slit-like  depressions,  none  of  which  were  more 
than  an  inch  and  a  half  in  length.  On  its  gastric  surface  there 
were  two  longitudinal  and  parallel  lines  of  entrance  for  blood- 
vessels. The  interval  between  these  lines  was  covered  by  peri- 
toneum belonging  to  the  lesser  peritoneal  sac.  This  area  was 
slightly  lobulated,  and  presented  two  or  three  projecting  portions 
of  spleen  substance. 

The  pancreas  was  not  at  any  point  in  contact  with  the  spleen. 
The  association  of  small  intestine  with  the  head  of  the  pancreas 
and  the  termination  of  the  pancreatic  duct  have  already  been 
mentioned. 

(6)  GenUo-tMrinary  System. — 

The  kidneys  showed  elaborate  venous  networks  upon  their 
surfaces.  Each  kidney  measured  8  inches  in  length  by  4  inches 
in  width. 

A  supra-renai  body,  flattened  and  ovoid,  measuring  2  inches 
long  and  1  inch  wide,  lay  anterior  to  each  kidney,  but  quite 
separate  therefrom.  The  veins  from  the  supra-renal  body  joined 
the  renal  venous  plexu& 

The  urinary  bladder  was  an  elongated  fusiform  organ  reach- 
ing well  forwards  towards  the  umbilicus,  and  continued  thereto 
\jy  a  distinct  urachus.  On  the  lateral  aspects  of  the  urinary 
bladder,  the  obliterated  hypogastric  arteries  were  readily  visible. 

There  was  no  scrotuuL    Each  testis  occupied  a  recess  in  the 
abdominal  wall,  and  separated  from  its  fellow  by  the  sheath 


494  DR  DAVID  HEPBUBN. 

coutaining  the  penis.  Each  testis  measured  3^  inches  in  length 
and  2  inches  in  width.  The  epididymis  formed  a  globus  major 
and  globus  minor.    No  hydatids  of  Morgagni  were  seen. 

The  cavity  of  the  tiunica  vaginalis  testis  was  directly  con- 
tinuous with  the  abdominal  cavity  through  the  inguinal  canal, 
which  was  quite  open.  The  inguinal  canal  measured  a  little 
more  than  2  inches  in  length,  and  its  diameter  was  about  half 
an  inch. 

The  corpora  caverTWsa  penis  contained  a  bony  growth  situated 
in  the  anterior  half  of  the  free  portion  of  the  penia  The 
urethra  separated  very  readily  from  the  corpus  spongiosum  penis, 
within  which  it  lay. 

The  dorsal  vein  of  the  penis  was  provided  with  many  paired 
valves. 

(c)  Respiratory  System, — 

The  epiglottis  was  a  soft,  easily  flexible  organ,  possessing  a 
broad  base  and  a  pointed  glossal  extremity,  which  was  only  free 
to  a  very  slight  extent. 

The  larynx. — Examined  with  the  mucous  membrane  in  posi- 
tion, the  superior  opening  of  the  larynx  presented  prominent 
aryteno-epiglottidean  folds.  The  rima  glottidis  measured  1^  in. 
in  length.  The  dorsal  half  of  this  interval  was  bounded  by  the 
contiguous  surfaces  of  the  arytenoid  cartilages,  the  ventral  half 
by  the  true  vocal  cords.  There  were  no  false  vocal  cords,  nor 
ventricles  to  the  larynx.  When  the  epiglottis  sank  down- 
wards and  backwards,  it  formed  a  cushion  inmiediately  above 
the  true  vocal  cords,  and  completely  obscured  them,  but  did  act 
overlap  that  section  of  the  rima  situated  between  the  aiytenoid 
cartilages.  The  absence  of  false  vocal  cords  renders  it  highly 
probable  that  the  seal  does  not  use  its  fore  limbs  for  purposes  of 
defence,  as  they  are  usually  seen  only  in  those  animals  which 
can  strike  a  blow  with  the  manua 

Some  points  of  interest  in  connection  with  the  inta-in^ 
muscles  of  the  larynx  were  noted  as  the  result  of  modificaticoi 
in  the  shape  of  the  cartilages.  The  pomum  adami  was  very 
short  in  relation  to  the  size  of  the  thyroid  cartilage,  and,  in  con- 
sequence, there  was  a  large  interval  between  the  cricoid  and 
thyroid  cartilages.  This  interval  was  somewhat  reduced  by  Uie 
position  of  the  crico-thyroid  muscles,  whose  contigaoas  borders 
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with  the  lower  margin  of  the  thyroid  cartilage  formed  the  sides 
of  a  lozenge. 

The  posterior  cric(Hirytenoid  muscle  arose  from  the  posterior 
surface  of  the  cricoid  cartilage,  and  from  a  mesial  fibrous  septum 
attached  to  a  ridge  which  separated  it  from  its  fellow.  The 
fibres  converged  to  be  inserted  into  the  outer  angle  at  the  base 
of  the  arytenoid  cartilage.  A  small  slip,  composed  of  its  most 
external  fibres,  became  continuous  with  the  external  portion  of 
the  thyro-arytenoid  muscle. 

The  lateral  crico-arytenoid  muscle  was  much  smaller  than  the 
posterior.  Its  fibres  arose  from  the  sloping  upper  margin  of  the 
cricoid  cartilage,  and  were  inserted  into  the  muscular  process  of 
the  arytenoid  cartilage  in  front  of  the  posterior  crico-arytenoid 
muscle. 

The  thyro-arytenoid  muscle  differed  essentially  from  the  corre- 
spondiog  muscle  in  man.  It  arose  in  one  slip  from  the  inner 
aspect  of  the  ala  of  the  thyroid  cartilage  close  to  the  pomum 
adami.  The  fibres  passed  backwards  to  be  inserted  into  the 
muscular  process  of  the  arytenoid  cartilage,  and  some  of  them 
were  continuous  with  the  outer  fibres  of  the  posterior  crico- 
arytenoid muscle,  thereby  lying  external  to  the  insertion  of  the 
lateral  crico-arytenoid  muscle.  The  muscle  under  consideration 
corresponded  very  closely  to  that  section  of  the  human  thyro- 
arytenoid figured  in  Quain's  Anatomy,^  and  named  the  small 
thyro-arytenoid  muscle  of  Soemmerring. 

The  thyro-arytenoid  of  human  anatomy  was  also  represented 
in  this  seal,  but  it  had  no  attachment  to  the  thyroid  cartilage. 
In  the  seal,  this  muscle  arose  from  a  mesial  raph^  on  the  anterior 
or  ventral 'aspect  of  the  crico-thyroid  membrane,  and  also  from 
the  outer  surface  of  this  membrane.  The  fibres  were  partly  hori- 
zontal and  partly  oblique,  the  former  being  external  to  the 
latter.  The  muscle  was  inserted  iato  the  anterior  border  and 
muBcular  process  of  the  arytenoid  cartilage,  subjacent  to  all  the 
muscles  already  described.  This  is  quite  clearly  the  great  thyro- 
arytenoid muscle  of  Sosmmerring,  although  the  absence  of  attach- 
ment to  the  thyroid  cartilage  does  not  justify  the  use  of  the 
term  '  thyro '  in  its  description. 

^  Quain's  Anat,,  9tli  ed.,  vol.  ii.  p.  534. 
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When  the  rnucons  membrane  was  removed  from  the  posterior 
or  dorsal  aspect  of  the  arytenoid  cartilages,  two  strong  muscles 
were  exposed. 

Each  arose  from  the  hinder  and  outer  aspect  of  an  arytenoid 
cartilage,  extending  as  far  outwards  as  the  muscular  process  of 
the  cartilage,  and  receiving  an  augmentation  of  fibres  from  the 
upper  border  of  the  great  thyro-ary  tenoid  muscle.  The  muscular 
mass  thus  constituted  was  inserted  into  a  mesial  dorsal  cartila- 
ginous nodule,  perfectly  distinct  from  both  arytenoid  cartilages, 
upon  which  it  was  superimposed,  and  on  which  it  was  freely 
movable.  These  muscles,  therefore,  had  a  disposition  quite 
distinct  from  that  of  the  arytenoid  and  aryteno-epiglottidean 
muscles  of  man,  with  which  nevertheless  their  position  to  some 
extent  corresponded. 

Taking  into  consideration  the  mesial  origin  of  the  great  thyro- 
arytenoid muscle,  its  partial  continuity  with  the  muscles  just 
described,  and  their  mesial  and  movable  insertion,  it  is  evi- 
dent that  between  them  they  may  exercise  a  certain  sphincter 
action  on  the  superior  aperture  of  the  larynx. 

In  the  seal,  the  aryteno-epigloUidean  muscle  consisted  of  a  few 
straggling  fibres  arising  from  the  anterior  border  of  the  arytenoid 
cartilage,  and  extending  towards  the  epiglottis  in  the  soft  tissues 
of  the  aryteno-epiglottidean  fold  of  mucous  membrane. 

The  trcuckea  was  remarkably  strongly  protected  on  all  aspects 
by  cartilaginous  rings.  Each  bronchus  entered  the  root  of  its 
own  lung  on  the  dorsal  aspect  of  the  great  pulmonary  artery 
and  vein  for  the  lung.  In  the  dorsal-ventral  direction  these 
structures  occupied  the  same  relative  positions  as  in  man.  In 
the  left  lung  there  was  no  eparterial  bronchus,  because,  in  the 
root  of  this  lung,  the  pulmonary  artery  lay  anterior  to  the  first 
branch  of  the  bronchus.  In  the  case  of  the  right  lung,  a  large 
branch  of  its  bronchus  arose  anterior  to  the  main  stem  of  the 
right  pulmonary  artery,  but  this  artery  gave  an  offiihoot  of  some 
size  to  the  apical  lobe  of  the  lung,  in  such  a  way  as  to  obscure 
the  origin  of  the  first  branch  of  the  bronchus.  Thus  there  was 
an  eparterial  bronchus,  in  the  sense  of  its  being  anterior  to  the 
trunk  of  the  artery,  but  it  was  not  eparterial  with  referenoe  to 
its  position  in  contrast  with  the  first  branch  of  the  pulmonary 
artery. 
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Lumgs, — Each  lung  presented  a  thin  ventral  or  sternal  border 
and  a  thick  dorsal  one,  while  in  the  case  of  the  left  lung  the 
external  border  showed  a  deep  notch  corresponding  to  the  apex 
of  the  heart.  Each  lirng  presented  one  fissure,  running  in  an 
almost  transverse  direction,  but  the  fissure  was  imperfect,  being 
for  the  most  part  shallow,  and  in  some  places  obliterated.  On 
the  pericardial  aspect  of  the  right  lung,  a  third  lobe  projected 
like  an  outgrowth  close  to  the  lower  border  of  the  root  Between 
the  base  of  the  right  lung  and  the  diaphragm  there  was  a  well- 
marked  band,  consistmg  apparently  of  pleural  membrane.  It 
presented  two  free  surfaces  and  two  free  borders,  and  the  pres- 
ence of  distinct  blood-vessels  within  it  seemed  to  indicate  that 
it  was  a  double  layer  of  membrane.  The  entire  absence  of  pleu- 
ritic adhesions  elsewhere  tended  to  show  that  this  was  a  pleural 
ligament.  At  the  same  time  there  was  no  trace  of  a  similar 
structure  in  connection  with  the  left  lung. 

(d)  Circtdatory  System, — 

The  fibrous  pericardivm,  was  firmly  attached  to  the  diaphragm, 
and  was  continued  on  the  trunks  of  the  aorta  and  pulmonary 
artery.  The  anterior  and  posterior  vense  cavse  pierced  the  peri- 
cardium as  in  man,  and  there  W£ts  no  left  anterior  vena  cava. 

The  serous  perieardivm  was  disposed  as  in  man,  except  that 
the  aorta  and  pulmonary  artery,  although  invested  by  a  common 
serous  envelope,  were  not  nearly  so  closely  in  apposition  as 
in  the  humtm  subject.  The  vestigial  fold  of  Marshall  was 
indistinct. 

The  apex  of  the  heart  presented  a  shallow  interventricular 
groove,  situated  to  the  right  side  of  the  true  apex,  but  scarcely 
deep  enough  to  call  a  notch. 

The  eoTcmary  siwas  was  very  large,  and  the  orifices  of  its 
tributaries  were  guarded  by  two  semilunar  folds  of  the  lining 
membrane. 

The  interior  of  the  right  av/ricU  presented  characteristic 
appearances  as  regarded  its  walls.  There  was  no  Eustachian 
valve  to  the  posterior  vena  cava,  but  the  fossa  ovalis  was  nearer 
to  the  mouth  of  the  post  vena  cava  than  in  man.  The  annulus 
ovalis  formed  a  very  distinct  projecting  ridge  on  the  side  of  the 
fossa  next  the  anterior  vena  cana.  Only  fenestrated  re^mants 
remained  to  represent  the  valve  of  Thebesius.     In  the  right 
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ventricle  there  was  nothing  exceptional,  and  a  well-marked 
moderator  band  was  present  In  the  left  auricle  and  ventricle 
the  various  appearances  and  structures  were  typical  Special 
care  was  observed  in  opening  the  left  ventricle,  but  no  moderator 
band  was  visible. 

The  position  of  the  abdominal  aorta  attracted  attention.  By 
reason  of  the  enormous  size  of  the  psoas  muscles,  the  lumbar 
vertebrae  were  entirely  hidden,  and  the  aorta,  instead  of  being  in 
contact  with  the  vertebrae,  occupied  the  narrow  groove  between 
the  adjacent  margins  of  these  two  muscles.  It  bifurcated  into 
two  common  iliac  arteries  in  the  usual  way.  From  its  dontd 
aspect  a  series  of  unpaired  branches  took  origin.  The  last  of 
this  series  was  the  arteria  sacra  media,  while  those  in  front  were 
lumbar  arteries.  Each  lumbar  artery  proceeded  dorsally  between 
the  two  psoas  muscles  until  it  came  close  to  the  body  of  a 
lumbar  vertebra,  when  it  bifurcated  and  sent  a  branch  past  each 
side  of  the  vertebral  body. 

The  middle  sacral  artery  arose  from  the  dorsal  aspect  of  the 
abdominal  aorta,  two  inches  in  front  of  its  point  of  bifurcation, 
a  quarter  of  an  inch  behind  the  level  of  origin  of  the  inferior 
mesenteric  artery,  and  in  line  with  the  series  of  unpaired  lumbar 
arteries.  It  coursed  backwards  along  the  pelvic  surface  of  the 
sacrum  situated  in  the  middle  line,  and  supplyii^  a  series  of 
paired  branches  directed  laterally  towards  the  anterior  sacral 
foramina. 

The  aorta  terminated  by  dividing  into  common  iliac  arteries, 
each  of  which  was  one  inch  in  length,  and  again  each  common 
iliac  artery  bifurcated  into  external  and  internal  iliac  branches. 
The  former  gave  off  a  large  deep  epigastric  branch,  and  the  latter 
was  continuous  with  the  obliterated  hypogastric  vessel    A  com- 
parison of  this  mode  of  termination  of  the  aorta  with  that  which 
prevails  among   the  carnivora  generally,  reveals  several  pro- 
nounced differences.     Thus,  among  carnivora  generally,  there 
are  no  common  iliac  arteries,  but  the  external  iliac  arteries  arise 
independently  from  the  aortic  trunk,  while  the  internal  iliac 
arteries  spring  from  the  bifurcation  of  the  diminished  aorta,  and 
the  middle  sacral  artery  arises  from  the  dorsal  surface  of  the 
aorta  immediately  in  front  of  its  point  of  bifurcation.    These 
conditions  differ  very  markedly  from  what  has  just  been  deeciibed 
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in  the  grey  seal,  in  which  the  presence  of  common  iliac  arteries 
and  the  point  of  origin  of  the  middle  sacral  artery  suggest 
several  interesting  questions  in  connection  with  their  mor- 
phology. As  is  well  known,  the  permanent  aorta  is  formed  by 
the  more  or  less  extensive  fusion  of  the  primitive  dorsal  aortce. 
Anatomists  differ,  however,  regarding  the  vessels  which  arise 
from  the  unfused  hinder  ends  of  the  primitive  aorta  and  the 
mode  of  origin  of  the  middle  sacral  artery.  The  generally 
accepted  view  is,  that  the  middle  sacral  artery  represents  the 
direct  continuation  of  the  aortic  trunk,  and  that  it  results  from 
the  fusion  of  the  primitive  aortSB.^  Furthermore,  in  Quain's 
Anatomy  it  is  stated  that  "  the  common  iliac  arteries  are  formed 
by  the  persistence  of  the  roots  of  the  allantoic  arteries,"  which 
are  in  the  first  instance  "  a  direct  continuation  of  the  primitive 
aortfie."*  There  is  without  doubt  a  difficulty  in  reconciling  these 
two  statements. 

Professor  Young  of  Manchester  has  written  an  elaborate  and 
instructive  memoir  dealing  with  this  subject,^  and  one  or  two 
extracts  from  his  conclusions  may  be  of  interest  here,  before 
applying  them  to  the  elucidation  of  the  appearances  presented 
in  the  seaL  He  says,  in  the  embryo  "  there  is  not  a  vestige  of  a 
caudal  continuation  of  the  aorta  "  (p«  219).  "  Before  the  tail  is 
formed  the  allantoic  circulation  is  established,  and  the  primitive 
aortse  end  posteriorly  as  the  common  stems  of  viteUine  and 

allantoic  arteries,  and  persist  as  the  hypogastric  arteries 

the  presence  or  absence  of  common  iliac  vessels  is  determined  by 
the  extent  to  which  fusion  of  the  primitive  dorsal  aortse  extends 
backwards  "  (p.  220). 

"  If  the  middle  sacral  artery  is  to  be  regarded  as  the  true 
backward  continuation  of  the  primitive  dorsal  aortse,  then  the 
vessel  which  intervenes  between  the  origin  of  the  middle  sacral 
and  the  terminal  bifurcation  can  hardly  be  regarded  as  aorta  at 
alL    It  is  rather  a  common  allantoic  stem  "  (p.  223). 

Beturning  now  to  the  termination  of  the  aorta  in  the  se€tl  and 

^  Qnain'B  Anai,,  10th  ed.,  vol.  i.  pt  i.  pp.  44  and  147. 

*  Qnain,  loe.  eiL 

'  Toung,  "  On  the  Termination  of  the  Mammalian  Aorta,  with  Observations 
on  the  Homologies  of  the  Pelvic  Arteries"  (Studies  in  Anatomy  from  the  Anat. 
I>ept.  of  Owens  Coll.),  vol.  i,  1891. 
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the  origin  of  its  middle  sacral  artery,  we  observe  that  this  vessel 
arises  much  farther  in  front  of  the  aortic  bifurcation  than  is 
usually  seen  in  other  mammals,  and  therefore  in  quite  a  different 
relationship  from  that  prevailing  among  other  camivora,  in 
whom  it  arises  between  the  origins  of  the  external  and  internal 
iliac  arteries. 

To  my  mind  this  mobility  of  the  point  of  origin  of  the  middle 
sacral  artery  of  the  seal,  as  compared  with  other  camivora, 
suggests  the  priority  of  the  aortic  trunk,  and  the  formation  of 
the  middle  sacral  as  a  collateral  branch  rather  than  the  forma* 
tion  of  the  smaller  vessel  by  fusion  of  two  primitive  aortse. 
Moreover,  I  think  that  this  view  receives  support  from  the 
presence  of  a  whole  series  of  unpaired  lumbar  arteries  arising 
from  the  dorsum  of  the  seal's  aorta,  for  whose  origin  we  could 
scarcely  claim  the  fusion  of  paired  vessels,  any  more  than  we 
can  advance  such  an  argument  to  account  for  the  unpaired 
vessels  arising  from  the  ventral  aspect  of  the  aorta. 

Further,  if  the  middle  sacral  artery  of  the  seal  be  held  to 
represent  the  fusion  of  the  primitive  aortae,  it  is  quite  clear,  as 
Professor  Young  suggests,  that  the  last  two  inches  of  its  per- 
manent aorta  are  in  reality  not  aorta,  but  a  "  conunon  allantoic 
stem,"  resulting  from  the  fusion  of  another  pair  of  vessels. 
While  fully  recognising  the  fact  that  paired  arteries  fuse,  and  so 
form  single  trunks,  it  does  not  seem  necessary  to  resort  to  this 
explanation  of  the  origin  of  every  mesial  arterial  trunk.    At  the 
same  time,  even  although  the  middle  sacral  artery  should  develop 
from  the  fusion  of  a  pair  of  longitudinal  vessels,  and  although 
its  mesial  position  and  the  manner  in  which  it  supplies  paired 
collateral  branches  render  it  peculiar  among  aortic  bnmches, 
yet  the  comparatively  late  period  at  which  the  tail  grows  back- 
wards, to  a  large  extent  excludes  this  vessel  from  being  regarded 
as  the  direct  aortic  continuation. 

In  Young's  memoir,  already  referred  to,  there  are  only  tvo 
instances  in  which  the  middle  sacral  artery  is  undoubtedly  a 
corUimicUion  of  the  aorta,  viz.,  the  opossum  {Diddphys  Virgin- 
iana)  and  the  porpoise  {Phoeosna  comoMinis);  but,  on  the  other 
hand,  the  vessel  is  entirely  wanting  in  the  zebra  (JSquus  burehdli), 
hyrax,  hedgehog  (JSririaceiis  SuropoBus),  and  fruit  bat  (PtercfUi), 
while  in  the  armadillo  (Dasypus  sexciruiua)  it  is  double. 
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According  to  Owen,^  in  the  Unaii  {Cholcepus  Hoffnumni)  the 
aorta  gives  off  common  iliac  arteries.  I  have  verified  this  state- 
ment bj  the  dissection  of  a  specimen.  In  addition,  the  middle 
sacral  artery  arose  from  the  dorsum  of  the  aorta,  immediately  in 
front  of  its  bifurcation. 

Moreover,  the  common  iliac  arteries  gave  off  two  small 
branches  to  the  interior  of  the  pelvis  before  they  bifurcated  into 
external  and  internal  iliac  branches, — the  latter  being  directly 
continuous  with  the  obliterated  hypogastric  trunks. 

In  the  Grey  Seal,  the  inferior  mesejUerie  artery,  already  referred 
to,  arose  from  the  ventral  surface  of  the  aorta,  two  and  a  quarter 
inches  in  front  of  the  bifurcation.  Its  terminal  branch  entered 
the  meso-rectum  in  the  usual  way. 

'  Owen,  Anat,  of  Ferts,,  iii.  p.  544. 


OSSIFICATION  OF  THE  THIRD  TROCHANTER  IN  MAN. 
By  A.  Francis  Dixon,  M.B.,  Chief  Demonstrator  of  Anatomy, 
Trinity  College^  DvMin, 

Some  time  ago  I  noticed  that  the  femur  of  a  yotuig  subject 
dissected  in  the  School  of  Anatomy,  Trinity  College,  Dublin, 
possessed,  in  addition  to  the  usually  described  epiphyses,  a  small 
epiphysis  for  the  gluteal  ridge  or  third  trochanter.  The  subject 
was  a  male  of  about  seventeen  years  of  age,  and  unfortunately 
the  left  femur  only  was  preserved.  The  epiphysis  for  the  third 
trochanter  is  a  flat  narrow  scale  of  bone  placed  with  its  long 
axis  corresponding  with  that  of  the  shaft  of  the  femur.  Its 
upper  end  corresponds  to  the  level  of  the  lowest  part  of  the 
small  trochanter,  while  its  lower  end  lies  just  above  the  groove 
so  often  present  in  the  region  of  insertion  of  the  gluteus 
maximus  muscle  (see  2  of  figure).  The  epiphysis  measures 
25  mm.  in  length,  and  is  12  mm.  across  in  its  widest  part 
I  have  made  an  examination  of  a  large  number  of  femora  in  the 
Anatomical  Department  of  Trinity  College,  and  also  of  a 
number  of  young  and  adult  bones  kindly  lent  for  the  purpose 
by  Prof.  Cunningham  from  his  private  collection,  and  have 
found  similar  epiphyses  in  two  other  young  bones.  One  of 
these  (3  of  figure)  is  the  left  femur  of  a  boy  of  fifteen  years ; 
the  other  (1  of  figure)  is  the  right  femur  of  an  older  individual, 
but  the  sex  is  not  noted.  In  neither  of  these  latter  specimens 
is  the  epiphysis  of  the  third  trochanter  as  extensive  as  in  the 
femur  first  described.  In  one,  indeed,  it  is  not  more  than 
6  mm.  in  its  longest  diameter,  whUe  in  the  other  it  measures 
about  10  mm.  In  both  cases  its  position  corresponds  with  that 
described  in  the  first  case,  its  upper  end  being  placed  on  a  level 
with  the  lower  part  of  the  small  trochanter.  Although  I  have 
only  been  able  to  prove  the  presence  of  this  epiphysis  in  the 
three  femora  figured,  yet  the  appearance  of  the  upper  part  of 
the  gluteal  ridge  in  a  number  of  other  bones  leads  me  to  believe 
that,  in  many  cases  at  all  events,  this  part  of  the  bone  is  added 
to  the  femur  as  a  special  epiphysis. 
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With  r^rd  to  the  osBificatioa  of  the  third  trochauter  iu 
those  low«r  animala  which  poeaesa  one,  I  have  beeu  imable  iu 
the  literature  at  my  disposal  to  Sod  definite  infonnation.  Au 
ezamiuatiou  of  a  uumber  of  skeletons,  however,  shows  that  a 
special  centre  may  be  present  tor  it.  This  is  easily  demon- 
strated in  the  rabbit,  and  another  rodent — Ccdogenya  paca — ■ 
proserved  in  the  Natural  History  Museum,  Triiiity  College, 
affords  a  beautiful  example  of  the  same  fact  Iu  the  rabbit, 
the  special  centre  simply  forma  a  thin  scale  over  the  strongly 
marked  third  trochanter,  while  in  Coelogenye  it  appears  to  form 
the  whole  third  trochanter,  which  is  here  not  so  Btrongly 


The  upper  parti  of  three  jonng  femora,  to  ahow  the  spiphjaiB  Ibr  the 
3rd  trochanter  (Srd  T.). 

developed.  Among  Perissodactyla,  the  tapir  poBaeases  such  a 
centre,'  and  in  the  horse,  although  the  usual  descriptious  do  not 
take  note  of  it,  still  Franck,  in  his  Anatomie  der  HavM&vgetkiere, 
describes  a  centre  tor  the  third  trochanter  of  Uie  horse.    It  is, 

'  Specimene  ahowing  this  >re  pTeserred  in  the  Natural  History  Huseiim, 
Trinity  Collie,  Dublin,  ■ltd  also  in  the  Muaeom  of  the  Boyal  College  of  Saieuae, 
Dnblin. 
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however,  he  says,  sometiines  absent.  I  am  indebted  to  Prof. 
J.  MTadgean  for  this  information  r^arding  the  femur  of  the 
horse.  On  the  other  hand,  Owen,  speaking  of  the  thiid 
trochanter  of  the  rhinoceros,  says  ''ossification  sometimes  ex- 
tends from  the  great  trochanter  to  the  third  trochanter."  I 
have  had  no  opportunity  of  examining  a  young  specimen  of  this 
animal,  yet  I  would  venture  to  suggest  that  in  the  rhinoceros 
also  a  special  centre  may  be  present  both  for  the  third  and  the 
great  trochanter,  and  that  they  unite  in  some  cases  to  form  a 
single  epiphysia  This  might  give  rise  to  the  appearance  of  an 
extension  of  ossification  from  the  great  to  the  third  trochanter. 
In  one  specimen  of  Ccelogenys  paca  that  I  have  had  an  oppor- 
tunity of  examining,  the  epiphyses  of  the  great  and  third  tro- 
chanters are  in  actual  contact,  although  distinct.  The  fact  that 
the  third  trochanter  of  man  thus  closely  resembles  in  its  mode 
of  development  that  of  lower  mammals  adds  to  it  an  interest, 
especially  as  the  presence  of  this  trochanter  is  stated  to  be  a 
characteristic  of  the  femora  of  higher  rather  than  of  lower 
races,  and  of  man  rather  than  of  apes. 


NOTE  ON  AN  OBLIQUE  Iin^EROSSEOITS  RADIO-ULNAR 
LIGAMENT  FOUND  IN  THE  PUNJABI.  By  J.  C. 
Lamont,  M.B.  Ed.,  Surgeon-Captain  IMS.,  Professor  of 
Anatomy,  Medieai  College,  Lahore. 

Two  obliqne  interosBeous  radio-ulnar  ligaments  are  commonly 
recognised,  one  a  superior  band  known  as  the  superior  oblique 
ligament  or  oblique  ligament  proper,  and  tbe  otber  an  interior 
band  called  by  Morris  the  inferior  oblique  lament 

In  addition  to  these  named  ligaments,  one  usually  finds  on  the 
posterior  surface  of  the  interosseous  membrane  other  oblique 
bands  of  fibres  running  in  the  same  direction  as  these  ligaments, 
that  is  to  say,  from  above  downwards  and  outwarda,  and  opposite 
to  the  course  of  the  general  mass  of  the  fibres  of  tbe  interosseous 
membrane. 

In  the  European  these  onnamed  bands  appear  to  be  more  or 
less  inconstant,  and  attain  no  great  size.  In  the  Punjabi,  on  tho 
other  hand,  one  of  these  bands  is  constantly  present,  and  fre- 
quently attains  a  very  considerable  size.    The  band  in  question 


Poetarior  view  of  the  Tadina  Mid  nliik,  dispUjing  the  UgMnent  desoiibed. 

underlies  the  extensor  ossis  metacarpi  pollicis,  and  ia  easily 
exposed  by  cutting  throt^b  its  tendon,  and  throwing  the  belly  of 
the  muscle  upwards  and  outwards  from  its  origin.  Some  of  the 
fibres  of  the  muscle  take  origin  from  this  band.  These  are 
easily  detached,  and  after  their  removal  the  band  presents  a 
smooth  gli8teniI^;  surface.  The  band  is  narrow  in  the  centre,  and 
spreads  out  at  either  extremity,  above  on  the  posterior  surface 
of    the  ulna,  and  below  on  the  posterior  surface  of  the  radius. 
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It  is  attached  to  the  posterior  surfaces  of  these  bones  at  some 
little  but  appreciable  distance  from  the  interosseons  border. 

Two  good  specimens  of  this  band  which  I  have  measured  have 
the  following  dimensions : — 

Width  at  ulnar  attachment,  . 

Width  in  centre, 

Width  at  radial  attachment,  . 

The  precise  meaning  of  this  band  is  not  easy  to  understand 
It  is  not  tense  in  pronation,  or  like  the  oblique  ligament  in 
supination,  but  it  is  able  to  resist  any  force  tending  ^  to  pull  the 
radius  with  the  hand  from  the  humerus." 


Specimen  (I). 

Specimen  (2). 

22  mm. 

15  mm. 

9  mm. 

6  mm. 

27  mm. 

24  mm. 

SOME  POINTS  IN  THE  ANATOMY  OF  A  SIRENO- 
MELIAN  MONSTER  By  T.  Manners-Smith,  M.A. 
(Cantab.),  M.RC.S.,  Chief  Demonstrator  in  Anatomy,  Mason 
College,  Birmingham. 

The  following  is  a  brief  description  of  certain  features  of  a 
Sirenomelian  monster,  which  recently  came  into  my  possession 
through  the  kindness  of  Dr  Windle. 

In  the  January  number  of  this  Journal  (2)  I  gave  an  account 
of  two  Symelian  monsters,  but  no  reference  was  there  made  by 
me  to  the  abdominal  viscera,  for  the  reason  that  such  viscera 
had  been  removed  before  the  specimens  came  into  my  posses- 
sion. In  the  specimen  under  present  examination  all  the 
abdominal  organs  were  intact.  I  have  therefore  thought  it 
well  to  add  this  supplement  to  my  account.  The  anatomy  of 
this  specimen  dififers  in  some  important  particulars  from  what 
is  usual  in  the  class  Sireuomeles,  to  which  it  belongs.  These 
particulars  I  have  noticed.  I  have  not,  however,  given  a  minute 
description  of  the  specimen,  but  have  emphasised  the  chief 
points  in  which  the  monster  dififers  from  that  to  which  I  refer 
in  the  January  number  as  my  second  specimen.  I  have  also 
briefly  described  the  urinary  and  genital  organs. 

Osseous  System, 

Unlike  my  previous  specimen  of  Sirenomeles,  the  ilia  were 
not  fused  into  an  iliac  shield,  but  were  separate ;  the  ischia  were, 
however,  fused. 

The  femora  were  fused  throughout  their  entire  extent.  There 
was  a  single  pointed  bone,  resulting  from  the  fusion  of  the  two 
tibiae.    Fibulae  were  absent. 

A  point  of  interest  was  the  presence  of  two  patellae,  although 

botb  femora  and  tibiae  were  completely  fused.    In  most  cases 

where  the  patellae  are  separate,  the  femora  are  also  separate,  at 

least  at  their  lower  extremities,  and  the  rudiments  of  two  tibiae 

are  present. 
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The  MuscuUlt  System, 

OluteuB  maximus. — ^The  two  muscles  were  well  developed  and 
had  the  usual  origin  from  the  ilium ;  the  fibres  pass  downwards 
and  inwards  towards  the  middle  line,  where  the  muscles  of 
opposite  sides  blend  in  a  somewhat  triangular  tendon,  which  k 
inserted  into  the  middle  of  the  shaft  of  the  united  femora.  In 
the  Sirenomelian  described  in  my  former  paper  this  muscle  was 
absent ;  it  was  also  absent  in  very  similar  specimens  described 
by  Vrolik  (3),  Calomiatti,  and  Gebhard  (1).  The  complete 
development  of  this  muscle  is  interesting,  since  in  most  of  the 
specimens  hitherto  examined  and  belonging  to  the  claas  Sireno- 
meles,  the  muscle  has  either  been  abs^it  or  represented  only 
by  a  few  scattered  fibres. 

Between  the  muscles  of  opposite  sides  the  rectum  passes  out 
to  terminate  at  the  imperforate  anus. 

The  gluteus  medius  was  also  a  well-developed  muscle,  and  had 
the  usual  origin  and  insertion,  but  had,  in  addition,  a  slight 
intra-pelvic  attachment.  In  the  Sireniform  described  in  my 
former  paper  the  muscle  was  absent,  as  it  was  also  in  the  speci- 
mens of  the  class  Sirenomeles  examined  by  the  other  observers. 

The  gluteus  minimus  was  present,  and  was  normal  in  its 
origin  and  insertion,  with  the  exception  that  it  had  a  ali^t 
intra-pelvic  origin  in  addition.  The  muscle  was  absent  in  the 
specimen  described  in  my  former  paper,  and  also  in  those  speci- 
mens belonging  to  the  class  Sirenomeles  of  the  other  observers. 

The  presence  of  the  three  glutei  is  interesting,  since  in  the 
specimens  belonging  to  the  class  Sirenomeles  hitherto  examined 
the  muscles  have  in  all  cases  either  been  absent  or  vestigial  In 
the  specimen  described  in  my  former  paper  the  situation  of  the 
gluteal  muscles  was  occupied  by  a  large  mass  of  fat,  containing 
scattered  muscular  fibres.  In  the  same  specimen  the  ihac 
bones,  however,  were  fused  into  an  iliac  shield,  without  any 
inferior  aperture  of  the  pelvis  existing ;  the  sciatic  nerves  were 
converted  into  flattened  fibrous  bands,  and  were  entirely  intra- 
pelvic  In  the  specimen  under  present  description  the  ilia 
were  not  fused  into  one  piece,  but  there  was  a  conaderable 
pelvic  outlet,  through  which  the  rectum  and  the  sciatic  nerve 
passed.    Most  probably  the  absence  of  the  gluteal  muscles  is  a 


J 
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secondary  change  due  to  the  degeneration  of  their  neire  sapply, 
in  consequence  of  the  pressure  to  which  the  nerves  are  subjected 
by  the  innominate  bones  fusing  to  form  an  iliac  shield. 

The  small  external  rotator  muscles  were  absent,  as  in  most 
other  SirenomeHans.  There  was  a  total  absence  of  the  ham- 
string muscles,  as  in  the  cases  of  most  of  the  specimens  belonging 
to  the  other  observers,  whether  Symeles,  Uromeles,  or  Sireno- 
meles.  The  remaining  muscles  were  present,  and  had  very 
similar  origins,  insertions,  and  positions  to  those  of  my  previous 
specimens,  and  to  those  of  the  specimens  of  other  observeis 
which  belonged  to  the  class  Sirenomeles. 

The  external  genitals  were  totally  absent,  as  is  the  custom  in 
these  monsters. 

The  testes  were  present,  were  well  developed,  and  were 
situated  outside  the  abdomen,  in  the  inguinal  r^on.  They 
rested  on  the  external  obUque  muscla 

The  vasa  deferentia  passed  through  the  inguinal  canals  and 
entered  the  abdomen,  but,  instead  of  entering  the  bladder,  they 
joined  the  rectum  near  its  upper  end  and  on  its  posterior  surfoce. 
At  their  point  of  entry  they  were  situated  close  together.  They 
are  seen  in  the  diagram  somewhat  on  the  stretch,  and  entering 
the  rectum  on  its  posterior  aspect. 

The  small  intestine  was  normal,  as  also  was  the  csecuuL  The 
large  intestine  terminated,  in  the  region  of  the  sigmoid  flexure, 
in  a  cone-shaped  blind  extremity.  The  rectum  was  about  2 
inches  in  length ;  it  was  blind  at  its  commencement,  and  again 
at  its  termination,  since  the  anus  was  imperforate.  The  vasa 
deferentia  entered  it  as  already  mentioned. 

The  chief  interest  of  the  specimen,  however,  resides  in  the 
urinary  system.  It  has  generally  been  stated  that,  whilst  the 
kidneys,  ureters,  and  bladder  may  or  may  not  be  present  in  the 
Symeles  and  Uromeles,  in  the  Sirenomeles  no  trace  of  these 
organs  can  be  discovered.  The  present  specimen  derives 
especial  interest  from  the  fact  that,  although  belonging  to  the 
class  Sirenomeles,  both  kidneys  and  bladder  were  present 
The  kidneys  were  large,  and  were  situated  in  the  r^on  of  Uie 
1st,  2nd,  and  3rd  lumbar  vertebrae.  They  had  not,  however,  ibe 
usual  kidney  shape  or  structure,  but  were  converted  into  large 
cysts,  the  cyst-wall  being  formed  by  the  thinned-out  portion  of 
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the  kidney  substance.     Each  kidney  possessed  a  small  renal 
artery. 

The  bladder  was  well  developed  but  small,  having  a  length  of 
about  half  an  inch ;  it  terminated  below  in  a  urethra,  which  had 
a  length  of  about  an  inch. 

The  presence  of  urinary  organs  is  interesting,  since  it  has 
been  generally  held  that  these  organs  are  absent  in  the  class 
Sirenomeles,  though  they  may  be  present  in  the  other  two 
classes.  It  has  also  been  supposed  by  some  that  the  absence  or 
deficiency  of  the  urinary  organs  in  the  three  classes  was  an 
integral  factor  of  the  monstrosity,  and  had  some  relation  to  or 
connection  with  its  causation.  Thus,  "W.  Vrolik  (4),  after 
condemning  the  idea  that  this  monstrosity  is  due  to  absence 
of  one  of  the  umbilical  arteries,  holds  that  Sympodia  is  due  to 
some  original  malformation  of  the  pelvis  and  its  viscera,  of 
which  the  cause  remains  imknown. 

He  states  that  from  simple  coalescence  of  the  lower  extre- 
mities cannot  be  derived  the  imperfect  state  of  the  uropoietic 
viscera.  I  should  regard  the  absence  or  deficiency  of  the 
urinary  organs  as  due  entirely  to  a  secondary  change,  dependent 
upon  the  pressure  to  which  the  bladder  and  kidneys  are  subjected 
by  the  retained  urinary  secretion,  in  consequence  of  the  blind 
condition  of  the  urethra.  The  cystic  condition  of  the  kidneys  in 
my  specimen  would  strongly  support  such  a  view;  for  although 
in  the  present  instance  the  walls  of  the  kidneys,  though  thin, 
were  recognisable  as  consisting  of  kidney  substance,  we  can 
imagine  such  a  condition  of  increased  pressure  that  the  thin 
wall  might  easily  rupture,  and  the  kidney,  shrinking  to  a  small 
mass,  could  easily  be  overlooked  on  superficial  examination. 

The  bladder,  too,  after  rupture,  might  shrink  to  a  small  struc- 
ture, rendering  its  recognition  difficult. 

The  absence,  then,  or  incompleteness  of  the  urinary  organs 
must  not  be  regarded  as  an  integral  part  of  the  condition  of  this 
monstrosity,  but  must,  like  the  absence  of  the  gluteal  muscles, 
be  looked  upon  as  a  secondary  change,  due  entirely  to  pressure. 

[BiBLIOGBAPHT. 
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EXPLANATION  OF  FIGURE,  p.  509. 

Shows  certain  of  the  abdominal  viscera.  The  large  cystrlike  kidney,  £., 
not  possessing  the  normal  shape,  being  more  or  less  oval  in  cat- 
line  j  there  is  no  trace  of  a  hilum.  The  vasa  deferentia,  Fi., 
terminate  in  the  rectum,  Eec.,  which  commences  above  in  a  blind 
extremity.  The  bladder,  BL  is  shown,  but  no  trace  of  a  ureter 
could  be  discovered.  The  large  intestine,  L.Int,  is  seen  termi- 
nating in  a  blind  extremity,  Sg.  SJn.^  small  intestine.  R^  rib. 
jHs.,  testicle. 


ON  THE  MAMMALIAN  HYOID,  WITH  ESPECIAL 
EEFEEENCE  TO  THAT  OF  LEPUS,  HYRAX,  AND 
CHOLOSPUS.  By  G.  B.  Howes,  Sec.  KS.,  F.Z.S.,  Professor 
of  Zoology  R.  Coll  Sci.  Lond,    (Plate  VIII.) 

In  the  year  1879,  while  investigating  the  detailed  anatomy  of 
the  head  of  the  common  rabbit,  I  was  much  exercised  about  the 
presence  of  a  small  bone  (A.5.,  fig.  1)  in  direct  articulation  upon 
the  paroccipital  process  {po,\  Eight  years  later,  in  reviewing 
the  first  edition  of  Marshall  and  Hurst's  Practical  Zoology,  I 
directed  attention  to  it  in  print  ^;  and  it  is  a  remarkable  fact 
that  neither  in  that  book  nor  in  any  of  the  numerous  laboratory 
treatises  current  in  our  own  language  which  deal  with  our 
familiar  rodent  is  the  structure  even  mentioned.  I  was  unaware 
in  1879  that  Krause  had  already  briefly  described  it  in  his  Arm- 
tomie  des  Kaninchens?  In  the  second  edition  of  that  work  a 
fuller  account  of  it  is  given,  and  the  author  regards  it,  as  I  had 
done,  as  the  styloid  element  of  the  hyoid  arcL  Concerning  its 
detailed  relationships,  however,  I  am  now  able  to  supplement 
his  account 

It  will  be  evident  that  if  the  bone  in  question  really  repre- 
sents the  'styloid  process'  of  other  mammals,  in  respect  to 
its  free  state  and  articulation  upon  the  paroccipital  process  it 
is  exceptional.  The  only  structure  at  all  comparable  to  it  is 
a  more  familiar  one,  also  free  and  in  articulation  with  the 
otoccipital  region  of  the  skull,  described  by  Brandt  ^  in  Hyrax, 
and  regarded  by  him  as  the  possible  homologue  of  the  upper 
element  of  the  anterior  comu  of  the  hyoid.  Flower  is  diffident 
about  this  homology,*  while  George  has  denied  the  existence 
in  Hyrax  of  an  *  apophyse  styloide.'^  As  this  is  so,  and  as,  in 
respect  to  details  of  relationship  of  the  supposed  styloid  to  the 

^  Nature,  vol.  xxxv.  p.  603. 

>  Edit.  1,  p.  149,  1868. 

'  Brandt,  Mem,  Acad,  St  Petersb.  (7),  Bd.  xiv.  p.  68. 

^  Flower,  Osteology  of  the  Mammalia,  Edit.  1,  p.  177. 

■  George,  Ann.  Sci.  Nat.  Zool,  (Ser.  6),  Tm.  i.  Mem.  ix.  p.  67. 

VOL.  XXX.  (n.s.  vol.  X.)  2  M 
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skull  and  adjacent  muscles  in  both  Lepus  and  Ryrax^  my  own 
observations  do  not  strictly  accord  with  those  of  Krause  and 
Hilgendorf,  Brandt,  and  others,  which  are  in  themselves  contra- 
dictory, I  pass,  firstly,  to  the  consideration  of  detail 

Lepvs  cunicvltLs, — In  the  ciirrent  edition  of  his  Anaiomie^ 
Krause,  with  Hilgendorf,  describes*  the stylo-glossus, stylo-hyoid, 
stylo-pharyngeus,  and  digastric  muscles  as  arising  from  the  par- 
occipital  (paramastoid)  process  of  the  exoccipital  *  Cp.o.,  fig.  1), 
the  supposed  styloid  being  said^  to  be  embedded  in  the  tendon  of 
that  first  named.  On  careful  examination  the  conjoint  tendonB 
are  found  to  be  also  attached  to  the  mastoid  process  {p.m\ 
which,  like  the  paroccipital,  is  elongated  and  styhform.  The 
stylo-glossus  tendon,  however,  may  be  distinct  from  the  othecs 
(as  at  m.8g.,  fig.  1) ;  and  when  this  is  the  case,  it  arises  whoUy 
from  the  mastoid  process  and  is  in  no  way  related  to  the  styloid. 
Comparison  of  such  a  specimen  with  one  in  which  (as  described 
by  Krause  and  Hilgendorf)  the  stylo-glossus  and  stylo-hyoideus 
major  (m.s'.,  fig.  1)  arise  conjointly,  leaves  little  room  for  doubt 
that  the  '  styloid '  is  related  rather  to  the  latter  than  the  former. 

Krause  describes  the  stylo-glossus  as  a  single  muscla  I  find 
it  invariably  subdivided  throughout  its  fleshy  area  into  two 
unequally  developed  portions,  as  delineated  in  fig.  1. 

The  digastric  muscle  (m.d,,  fig.  1)  will  be  found  to  arise  from 
the  {interior  border  of  the  paroccipital  process  caudad  of  the 
*  styloid,'  the  stylo-hyoideus  minor  (m.«".)  arising  from  its  inner 
border.  The  stylo-hyoideus  major  (m.*.),  while  enclosing  within 
its  head  the  'styloid'  bone,  arises  from  the  paroccipital  prooen, 
and  on  raising  it  a  delicate  slip  (m.5p.)  is  to  be  found  passing 
obliquely  downwards  and  inwards  to  the  pharyngeal  wall  This 
is  unquestionably  the  stylo-pharyngeus  muscle  referred  to,*  but 
not  fully  described,  by  Krause.  In  that  it  arises  internally  to 
the  stylo-hyoideus  major,  its  relationships  to  that  and  the  mastoid 
process  are  somewhat  repetitional  of  those  of  the  st^lo-hyoideuB 
minor    (m^'.)    to  the    digastric  {md,)  and    the    paroccipital 

^  Krause,  Anal,  d,  KaninchenSt  Aafl.  ii.  p.  87. 
'  Loe,  cU.,  pp.  76  and  139,  the  process  being  regarded  (p.  76)  as  the 
verse  process  of  the  last  skull  vertebra  I 
'  Loc.  cU.f  pp.  87  and  201. 
*  Krause,  loc  cit,,  Aufl.  ii.  p.  87. 
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process  (p.o.).  This  stylo-pharyngeus  muscle  blends  with  the 
stylo-hyoideus  major  at  the  level  of  the  'styloid'  (h,8.);  conse- 
quently, to  be  accurate,  Krause's  tendon  of  the  stylo-hyoideus 
major  must  be  regarded  as  the  conjoint  tendon  of  this  muscle 
and  the  stylo-pharyngeus,  and  the  '  styloid '  bone  must  be  defined 
as  lying  rather  within  that  than  within  the  stylo-glossus. 

As  for  the  *  styloid '  itself,  I  find  that  variable  only  in  respect 
to  its  occasional  co-ossification  with  the  paroccipital  process, 
as  in  fig.  8. 

Hyrax  capensis. — The  element  (Ay.,  fig.  2)  which  in  this  animal 
would  appear  to  represent  the  *  styloid '  was  described  by  Brandt  ^ 
as  a  small  pyramidal  pointed  ossicle,  movably  articulated  by 
means  of  its  broad  base  upon  the  anterior  surface  of  the  pro- 
cessus mastoideus.  Flower,  following  Brandt,  also  speaks  of 
this*  as  the  'mastoid  process,'  but  M'Alister®  and  George*  de* 
scribe  it  as  the  paramastoid.  Examined  with  care,  the  supposed 
'  styloid '  (Ay.,  fig.  2)  is  found  to  be  invested  in  a  weU-differentiated 
membrane  continuous  with  the  tendon  of  the  stylo-glossus  muscle 
(m.8g.),  which  is  produced  into  a  conspicuous  fold  along  its 
anterior  border.  At  its  upper  extremity  the  bone  itself  tapers 
away  to  a  point,  and  is  attached  by  fibrous  tissue  to  the  inner 
border  of  the  stylo-mastoid  foramen  (fo.y 

Brandt's  description  insufBciently  expresses  its  actual  relation 
ships  to  the  adjacent  bony  structures.  Mastoid  process  there  is 
none,  in  the  sense  of  a  fully  projecting  'processus  musculans.' 
If  the  supposed  *  styloid '  be  removed  (as  in  fig.  3),  it  will  be  seen 
that  the  mastoid  bone  and  the  paroccipital  process  both  furnish 
the  surface  for  its  articulation,  and  that  to  effect  the  latter  their 
anterior  faces  are  produced  into  a  keeled  outgrowth  (ar.)  of  a 
vrell-marked  character.  When  the  parts  are  in  position  the 
'  styloid '  overlies  this  keeled  surface,  and  it  is  so  firmly  held  in 
place  by  the  investing  periosteum  that  play  in  an  outwardly 
rotatory  direction  is  alone  possible. 

This  being  so,  the  characters  of  the  supposed  upper  end  of  the 

^  Brandt,  loc,  cU,,  p.  68. 

«  Flower,  loc.  cU.,  Edit.  1,  p.  177. 

'  M'AlUter,  Morph.  of  Vertebrated  Animals,  p.  282. 

*  George,  he.  eit.,  p.  105. 

*  Strictly,  the  stylo-mastoid  and  lacenun  posteriuB  conjoined  under  a  remark- 
Able  modification  of  the  peritympanic  region  of  the  skull. 
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hyoid  arch  of  this  animal  are  little  less  remarkable  than  those  of 
its  periphamjgeal  portion,  so  well  known. 

Brandt,  following  Cavier,  speaks  (loc.  eit.)  of  a  possible  liga- 
mentous connection  between  the  'apophyse  styloide'  and  the 
lower  elements  of  the  hyoid ;  and  George  (loc.  cii.,  p.  67)  remarks, 
**  Fapophyse  styloide  n'existeut  pas ;  la  poiute  cartilaginense  qui 
repr^sente  la  comu  ant^rieure  est  r^nnie  par  un  ligament  a 
Tapophyse  paramastoide."  I  can  find  no  trace  of  any  such 
ligament  in  the  adult  specimen  which  I  have  examined. 

Concerning  the  lingual  and  pharyngeal  muscles  Brandt  is  very 
brief,  but  fuller  descriptions  are  those  of  Murie  and  Mivart  and 
of  George.^  The  latter  allocates  to  the  stylo-glossus  an  origin 
from  the  paroccipital  (paramastoid)  process.  In  my  specimen 
this  is  not  the  case,  the  muscle  (m.^.,  fig.  2)  arising  from  the 
supposed  *  styloid.' 

Murie  and  Mivart,  following  Meckel,  have  briefly  described* 
a  stylo-hyoideus  muscle  arising  "  from  the  paramastoid  process 
behind  the  digaistric,  and  inserted  as  usual  (!)...  strong  and 
relatively  thick."  My  own  observations  upon  this  (m^*.,  fig.  2) 
are  in  harmony  with  those  of  George.  I  find  it  to  be  a  delicate 
structure,  arising  conjointly  with  the  digastric  (m.c2.),  and 
inserted  into  the  posterior  border  of  the  hyoid.  In  its  detailed 
relationships  it  agrees  with  the  stylo-hyoideus  minor  of  the 
rabbit,  and  at  first  sight  it  would  appear  that  the  stylo-hyoideus 
major  of  that  animal  is  in  Hyrax  unrepresented. 

On  looking  mto  this  question,  a  very  interesting  asymmetry 
of  the  parts  in  the  adult  specimen  which  I  dissected  revealed 
itself.  The  only  previous  mention  of  a  muscle  at  all  occupying 
the  position  of  the  stylo-hyoideus  major  is  the  casual  one  by 
Murie  and  Mivart  of  a  *  long  narrow  slip,'  the  insertion  of 
which  they  were  unable  to  ascertain,  and  which  they  took  to  be 
the  stylo-pharyngeus.  They  met  with  it  only  on  the  left  side. 
In  my  specimen  it  was  present  on  both  right  and  left  sides 
(m.8p.,  fig.  2) ;  but  while  on  the  right  it  was  alone  inserted  into 
the  pharyngeal  wall  by  means  of  a  delicate  tendon  passing 
between  the  constrictors  of  the  pharynx,  on  the  left  it  sent  in 

^  George,  loc.  cU.,  p.  104.     I  find  that  this  muscle,  like  its  homologoe  in  tlie 
rabbit,  is  double  throughout  its  fleshy  region. 
*  Murie  and  Mivart,  Proe,  Zool,  Soc,  1865,  p.  330. 
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addition  a  long  and  delicate  tendon  to  the  postero-dorsal  border 
of  the  so-called  *  cerato-hyal/ 

In  its  general  disposition  this  muscle  thus  combines  the 
characters  of  the  stylo-hyoideus  major  and  the  stylo-pharyngeus 
of  other  mammals,  and,  like  the  first-named  in  Leptts,  it  arises 
internally  to  the  supposed  styloid  bone  and  the  other  related 
muscles,  in  a  mcumer  repetitional  of  that  in  which  (cf,  fig.  1)  the 
stylo-hyoideus  minor  stands  related  to  the  paroccipital  process 
and  the  digastric. 

There  being  thus  recognisable  a  fundamental  similarity  of 
relationship  between  the  supposed  'styloid'  element  with  the 
adjacent  paroccipital  process  and  the  muscles  arising  from  these 
structures  in  Zepiis  and  Hyrax,  the  detailed  differences  between 
the  two  animals  might  well  have  resulted  from  diversity  of 
modification  of  the  upper  portion  of  the  hyoid  arch — ^if  proof  be 
forthcoming  that  their  '  styloid '  represents  that 

Our  knowledge  of  the  mammalian  hyoid  has  known  no  exten- 
sion greater  than  that  arising  out  of  the  discovery  by  Flower  ^ 
that  the '  apophysis  styloide  du  temporal '  ^  {h,t,  fig.  4)  is  the  upper 
element  of  its  anterior  comu.  With  this,  the  anterior  comu  of 
the  mammalian  hyoid,  being  proved  to  consist  when  fuUy  differ- 
entiated of  four  pieces,  has  been  brought  into  harmony  with  that 
of  the  Ichthyopsida — ^its  upper  element  (Flower's  tympano-hyal) 
answering  to  the  pharyngo-hyal,  its  stylo-hyal  to  the  epi-hyal, 
and  its  two  remaining  segments  to  the  cerato-  and  hypo-hyal 
ill  order  of  enumeration.' 

With  these  thoughts  in  mind,  I  lost  no  opportunity^of  dissecting 
the  heads  of  mammals  which  might  help  to  solve  the  question, 
and  in  course  of  time  the  head  of  a  long-eared  fox  (Otocyon), 
destined  for  the  maceration  chamber,  gave  me  an  important 
clue.    The  anterior  comu  of  the  hyoid  of  this  animal,  like  that 

1  Flower,  loc  eU.,  Edit  1,  p.  128. 

3  Still  80  called  by  certain  French  writers,  and  confused  with  the  stylo-hyal 
(ex.  R.  Perrier,  EUm,  cPAtuU,  Comp,,  Paris,  1893,  p.  915). 

3  This  being  so,  it  is  very  unfortunate  that  in  most  works  on  mammalian 
osteology  the  terms  cerato-  and  epi-hyal  should  be  still  misapplied ;  Owen, 
Flower,  Parker  (in  his  earlier  writings)  being  followed  in  this  respect  by  the 
many  text-book  writers  terming  the  hypo-hyal  the  cerato-hyal,  and  the  latter  the 
epi-hyaL 


518  PBOFESSOB  6.  B.  HOWES. 

of  the  dogy  consists  of  three  pieces,  each  fully  ossified  and  in 
immediate  apposition  with  its  fellow.  The  upper  one  (h^,, 
fig.  7)  is  continuous  with  a  well-marked  tract  of  cartili^  {stf.\ 
which  disappears  within  the  lip  of  the  stylo-mastoid  foramen 
(fo.)  and  may  he  termed,  in  accordance  with  its  relationships, 
the  tympano-stylcid  synchondrosis.  The  skull  of  Otoeyon,  diffen 
from  that  of  the  ordinary  Canidse  in  nothing  more  conspicuously 
than  the  simple  non-expanded  character  of  its  paroccipital  pro* 
cess  (p.o.,  fig.  7).  The  syuchondrosial  cartilage  (sy.)  is  throughout 
its  whole  length  closely  applied  to  this,  and,  crossing  its  ventral 
border,  it  brings  the  head  of  the  styloid  (Jls.)  into  feeble  articu- 
lation with  its  lower  extremity,  in  a  manner  strikingly  sug- 
gestive of  that  of  the  rabbit  (fig.  1).  Ossify  this  synchondrosis, 
and  a  condition  of  the  '  styloid '  fundamentally  indistinguishable 
from  that  of  HyrcLX  (fig.  2)  would  result ;  remove  it,  and  one 
indistinguishable  from  that  of  Lepus  would  be  brought  about 

It  is  thus  clear  by  comparison,  that  in  both  Hyrax  and  the 
rabbit  the  hyoid  arch  has  become  suppressed  throughotit  its 
middle  region,  that  we  are  deahng  in  Brandt's  'pyramidal 
ossicle'  and  the  associated  skeletal  elements  with  its  meta- 
morphosed upper  moiety,  and  in  Krause's  '  styloid  process '  with 
the  homologue  of  the  structure  originally  so-termed  in  man. 
With  this,  interest  centres  in  the  anomalous  position  and  rela- 
tionships of  the  latter — i.€,,  its  disposition  in  the  rabbit  and 
Otocyon  caudad  of  the  stylo-mastoid  foramen. 

On  first  examination,  the  supposed  '  styloid '  of  Hyrax  (Ay., 
fig.  2),  except  for  its  great  extension  upwards,  would  appear 
to  represent  the  undoubted  styloid  (A.5.,  fig.  1)  of  L^us\  but 
careful  comparison  undermines  this  conclusion.  In  Lepus  the 
styloid  is  wholly  osseous,  and  its  transversely  enlarged  head  is 
received  into  a  well-marked  facet  on  the  correspondingly  en- 
larged extremity  of  the  paroccipital  process  (p.o.).  In  Byrax 
the  articulation,  as  already  shown  {antea,  p.  515),  is  of  a  totally 
different  order.  On  removing  the  supposed  *  styloid'  of  this 
animal  and  submitting  it  to  microscopic  examination,  I  was  not 
a  little  surprised  to  find  (fig.  3)  that  it  had  a  complex  structure, 
and  consisted  of  a  greater  upper  portion  (k.t  ?)  which  is  whoDy 
osseous  and  a  lesser  lower  one  in  which  a  small  nodule  of  bone 
{h.s,  ?)  lay  buried. 
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Comparison  of  a  young  H.  syriama  (total  length,  14  cmm.),  in 
which  the  paroccipital  process  is  wholly  unossified,  showed  this 
*  styloid '  to  be  represented  by  a  simple  cartilaginous  rod — where- 
fore it  follows  that  one  of  two  interpretations  must  be  put  upon 
the  condition  of  the  parts  in  the  animal  herein  figured  (fig.  3). 
Either  the  upper  element  must  represent  the  stylo-hyal  and  the 
lower  a  vestigial  cerato-hyal,  or  the  lower  a  vestigial  stylo-hyal 
and  the  upper  the  tympano-hyal  of  Flower. 

The  tympano-hyal,  as  ordinarily  understood,  lies  wholly  or  in 
part  within  the  stylo-mastoid  foramen.  Inasmuch  as  no  traces  of 
a  bony  element  are  to  be  found  within  the  latter  in  Hyrax^  I 
incline  to  the  first  of  the  foregoing  interpretations,  and  regard 
the  imossified  area  (ay.)  as  the  homologue  of  the  tympano-styloid 
synchondrosis  of  other  mammalia  {cf,  figs.  4  and  7).^  Which- 
ever be  the  correct  interpretation,  the  condition  of  the  parts  is 
novel:  if  the  former  be  justified,  in  the  independence  of  its 
assumed  tympano-hyal  the  hyoid  of  Hyrax  is  unique  for  that 
of  aU  known  mammals ;  if  the  latter,  in  the  extension  of  its 
supposed  styloid  to  the  lip  of  the  stylo-mastoid  foramen  it  pre- 
sents a  condition  unknown  elsewhere.  Nassonow  is  now  inves- 
tigating the  development  of  this  interesting  animaV  and  it  is  to 
be  hoped  that  he  will  clear  up  the  point. 

In  its  susceptibility  to  secondary  adaptive  modification  the 
hyoid  S&  the  most  variable  of  the  visceral  skeletal  arches,  and 
nothing  more  remarkable  in  its  way  could  be  imagined  than  the 
change  undergone  by  it  in,  say,  the  Tenuirostres,  Humming  Birds, 
and  certain  Parrots.'  With  respect  to  its  anterior  cornu,  how- 
ever, the  condition  of  ossification  throughout  uniformly  recurrent 
areas,  and  of  inconstancy  in  relationship  of  its  upper  extremity 
to  the  ot-occipital  bones,  with  accompanying  suppression  of  its 
middle  portion,  are  features  peculiarly  mammalian.  And  when 
this  is  sufficiently  appreciated,  it  becomes  evident  that  the  con- 
ditions exemplified  by  man  (fig.  6)  and  the  rabbit  (fig.  1)  are 

^  Parker  and  Bettany  asserted  {Morph,  of  Skull,  p.  802)  that  the  tympano- 
liyal  ossifies  from  two  centres  in  the  sheep,  but  they  unfortunately  neither 
fiimished  details  nor  stated  the  age  of  the  specimen  in  which  this  observation 
Tiras  made.     I  have  attempted  in  vain  to  confirm  it. 

s  Nassonow ;  cf.  JZooL  Ang,,  Bd.  xviiL  p.  459. 

s  Cf.  Gadow,  Proe,  Zool.  Soc,,  1883,  p.  62 ;  Lucas,  Proc,  U.S.  Not,  Mua.^  vol. 
:Kiv.  p.  169,  and  Mivart,  Proc  Zool,  Soc.,  1895,  p.  162. 
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expressive  of  the  culminating  points  in  opposite  lines  of  modifi- 
cation. Under  the  loss  of  individuality^  of  the  tympano-hyal 
and  tympano-styloid  synchondrosis  Qvt.  and  sy.  of  figs.  4  and  7)» 
the  stylohyal  has  taken  on  secondary  relationships ;  but  while 
in  man  (A..a.,  fig.  5)  it  has  become  co-ossified  with  the  tympanic 
and  disposed  cephalad  of  the  stylo-mastoid  foramen  (/o.),  in  the 
rabbit  {h.8,,  fig.  1)  it  has  become  articulated,  or  rarely,  as  in  fig.  8, 
co-ossified^  with  the  exoccipital  and  disposed  caudad  of  the 
foramea  To  these  diversely  modified  conditions,  the  terms 
protremcUic  and  opisthotrematic  may  be  conveniently  applied.' 

On  taking  a  broad  survey  of  the  mammalian  class,  with  a 
view  of  determining  the  types  of  which  the  foregoing  are  the 
extremely  modified  representatives,  I  found  that  an  interesting 
condition  of  the  hyoid  exemplified  in  the  two-toed  sloth 
(Cholcepus  didadylus)  had  been  overlooked. 

The  tympano-hyal  element  in  its  most  marked  form,  as 
originally  described  by  Flower,  consists  (ex  Ovis,  hX.,  fig.  4)  of  a 
considerable  bone,  ankylosed  at  its  base  to  the  periotic  and  lying 
wholly  in  front  of  the  stylo-mastoid  foramen  (Jo.)  largely 
embedded  in  the  tympanic*  When  thus  highly  developed,  it 
is  usually  connected  with  the  styloid  by  means  of  a  massive 
synchondrosis  (sy.).  As  in  man,  the  styloid  lies  wholly  in  front 
of  the  styloid-mastoid  foramen;  and,  in  consideration  of  this 
and  the  further  differences  between  the  two,  precision  may  be 
given  to  our  ideas  by  the  application  of  the  term  irUegrchcomuaie 
to  the  type  represented  by  the  sheep,  in  which  the  anterior  comti 

^  I  ase  these  words  in  consideration  of  the  differences  of  interpretation  dtSl 
put  upon  the  human  '  styloid  process.'  While  there  can  be  little  doubt  that  in 
the  rabbit  the  tympano-hyal  and  tympano-styloid  synchondrosis  are  suppressed, 
and  that  in  man  the  styloid  process  is  at  least  a  compound  of  the  tympano- 
and  stylo-hyal  as  pointed  out  by  Flower  (loe.  cU,,  edit.  2,  p.  159),  Thomas  has 
attempted  to  show  {^lem.  cTOsUologie,  Paris,  1865,  p.  219)  that  the  cerato-hyal 
(epi-hyal  auct.)  is  normally  incorporated  in  it.  Like  Wortman  {Mem,  Nat,  Acad, 
Sci,  JFashington,  vol.  vi.  p.  208),  I  have  endeavoured  in  vain  to  confirm  Thomas's 
observation. 

^  It  is  interesting  to  note  in  this  connection  that,  conversely,  in  man  (accord* 
ing  to  Parker  and  Bettauy,  Morph,  of  SkiUl,  p.  808)  the  stylo-hyal  may  reauuB 
unankylosed  even  to  middle  life. 

^  A  styloid  process  is  customarily  accorded  to  man  and  the  marmosets  alooe 
among  primates ;  but  I  am  strongly  under  the  impression  that  the  stylo-,  if  not 
the  tympano-hyal  element  also  is  represented  among  the  Ceroopithecida  and 
Simiidffi.     Cf.  also  Parker  and  Bettany,  Morpk,  of  Skull,  p.  808. 

«  Cf,  Flower,  loc,  eit.,  Edit.  1,  pp.  128  and  169. 
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is  complete,  and  discretchcomuate  to  that  represented  by  man,  in 
which  it  is  largely  suppressed. 

That  the  two  are  modifications  of  a  common  type  is  certain. 
In  man  we  have  to  deal  with  a  discreto-comuate  protremcUic 
condition,  as  compared  with  an  integro-cornuate  protrematic 
of  the  sheep  and  most  other  rominantia.^  In  a  consistent  ter- 
minology, the  condition  exemplified  by  the  rabbit  (fig.  1)  should 
accordingly  be  termed  the  discreto-cornuate  apisthotrematie,  and 
the  question  naturally  arises  whether  an  integro-comuate  opistho- 
trematic  state  may  not  exist  in  some  placentalia. 

It  was  in  the  pursuit  of  this  that  my  interest  became  excited 
by  the  study  of  the  two-toed  sloth. 

The  tympano-hyal,  despite  its  morphological  importance,  has 
received  very  little  attention  from  recent  writers.  For  example, 
Leche,*in  Bronn's  *  Thier-Eeich,'  deals  with  it  very  insufiBciently, 
according  it  categorically  to  the  pig,  whalebone  whale,  and  the 
primates,  but  not  even  mentioning  its  existence  among  rumi- 
nants, in  which  it  attains  its  greatest  known  development. 

In  all  cases  hitherto  described,  the  tympano-hyal  slopes 
obliquely  forwards  (ex  Sheep,  h,t.,  fig.  4)  and  outwards,  or 
perhaps  a  little  backwards  (ex  Crypioprocta,  and,  less  con- 
spicuously, Canis  and  Phocosna),  In  Cholcepus,  however,  it  slopes 
obliquely  backwards  and  downwards  (A.^.,  fig.  6),  and,  in  virtue 
of  its  ankylosis  to  the  periotic  and  its  enormous  size,  it  assumes 
a  position  the  precise  converse  of  that  seen  in  the  ruminant 
{cf.  fig.  4).  The  rest  of  the  anterior  comu  of  the  hyoid  in  this 
animal  consists  of  a  couple  of  stout  bones,  the  upper  of  which 
(A.a.),  in  giving  origin  to  the  stylo-glossus  muscle  (m.«y.),'  would 
appear  to  be  the  stylo-hyal.  Its  head,  unlike  that  of  the  styloid 
of  any  other  mammal,  develops  an  immense  condyle,  which,  as 
indicated  in  the  accompanying  figure,  is  received  into  a  corre- 


^  Not  in  all,  however ;  cf.  infra,  p.  528. 

^  Leohe,  Bronn's  KUiss,  und  Ordng.  d.  Thier.-Jieichs,  Bd.  6,  Abth.  y.  pp. 
636-689.  I  am  at  a  loss  to  find  evidenoe  for  the  supposed  origin  of  the  '  epi-hyal ' 
by  ossification  of  the  comual  ligament. 

*  Mackintosh  (Proc  JL  Irish  Aead.,  ser.  ii.  toI.  iL,  Soi.,  p.  69)  describes  this 
muscle  as  arising  from  the  '  cerato-hyal '  and  the  digastric  as  arising  from  the 
'  stylo-hyal.'  Assuming  that  by  the  latter  term  he  refers  to  the  element  which 
I  have  so  named,  there  can  be  no  question  that  in  my  specimen  the  two  muscles 
arise  from  it  on  each  side,  as  delineated  in  fig.  6. 
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sponding  depression  of  the  cranial  wall  oocupying  the  interspace 
between  the  paroccipital  and  mastoid  procesBes  (p.o.yp  m^).  This 
most  remarkable  condition  is  accompanied,  among  other  things, 
by  the  loss  of  connection  between  the  digastric  mnscle  (m.d.) 
and  the  exoccipital  bone,  and  the  deyelopment  of  special  fibres  in 
the  hjo-occipito-mastoid  r^on. 

When  it  is  remembered  that  in  this  animal  the  anterior 
comn  of  the  hyoid  is  completely  ossified,  comparison  with  the 
protrematic  integro-comnate  tyi>e  {6g.  4)  gives  ns  a  conversely 
constituted  opisthotrematic  int^ro-comuate ;  and  consequently 
it  might  appear  that  the  condition  of  backward  rotation  in  the 
rabbit  (fig.  1)  may  be  related  to  that  in  the  sloth  (fig.  6)  some- 
what similarly  to  that  in  ,which  the  condition  of  forward 
rotation  in  man  (fig.  5)  may  be  related  to  that  in,  say,  the  sheep 
(fig.  4) — Otocyon  (fig.  7)  apparently  furnishing  an  intermediate 
stage  in  the  former  series. 

It  becomes  thus  a  question  of  inter-relationship  between  the 
pro-  and  opistho-trematic  types,  i.e.,  are  the  conditions  repre- 
sented by  the  sheep  and  the  sloth  those  from  which,  by  advancing 
parallelism  of  modification,  the  culminating  states  met  with  in 
man  and  the  rabbit  have  been  derived  ? 

According  to  Parker,^  a  pro-trematic  stage  is  apparently 
followed  by  an  opistho-trematic  in  the  developiug  pig.  In  the 
puppy,  in  which  the  paroccipital  process  is  as  yet  inexpansive, 
the  tympano-styloid  synchondrosis  is  backwardly  rotated,  so  that 
the  styloid  is  brought  into  close  relationship  with  it — i^.,  a  pro- 
trematic stage  is  here  preceded  by  a  partially  opistho-trematic. 
Whereas  in  man  the  styloid  is  situated  far  forwards,  in  front  of 
the  stylo-mastoid  foramen;  in  some  of  the  apes  (Cercopitheeidae) 
a  condition  exists  which  appears  to  me  strikingly  suggestive  of 
the  presence  of  a  reduced  styloid,  in  a  position  of  backward  and 
inward  rotation  and  approximation  to  the  exoccipital  r^on. 
And  if  the  recent  observations  of  Zondek*  on  the  first  differ- 
entiation of  the  hyoid  arch  in  the  rabbit  are  correct,  there  can 
be  little  doubt  that  in  that  animal  the  opistho-trematic  condition 
is  secondary.  Again,  while  the  pro-trematic  integro-comnate 
condition,  with  accompanying  maximum  development  of  the 

^  Parker,  PhU,  Tram.,  1874,  part  L,  rf.  pi.  84,  fig.  L,  and  36,  fig.  ii 
>  Zondek,  Archiv.f.  Mikr.  Anai.,  Bd.  44,  p.  501. 
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tjmpauo-fayal,  is  generally  characteristic  of  the  Sumiiiantia, 
lamination  of  the  rich  material  stored  in  our  National  Museum 
has  shown  that  in  closely  allied  members  of  that  group  reduction 
amounting  to  loss  of  all  visible  traces  of  this  element  may  occur — 
for  example,  among  the  antelopes,  while  in  Nafhotragus  Haggaardi 
the  tympano-hyal  is  large,  and  in  N.  moscJiatus  it  is  reduced 
under  advancing  overgrowth  of  the  bulla,  in  Madogna  FhUlipsi 
it  is  non-recognisable  externally.^ 

Under  these  circumstances,  all  that  can  definitely  be  asserted 
is  that  the  types  which  I  have  herein  defined  exist,  and  that  ex« 
treme  conditions  of  modification  are  accompanied  by  suppression 
more  or  less  complete  of  the  upper  (pharyngo-  or  tympano-hyal) 
element  and  the  tympano-styloid  synchondrosiB,  with  resxQting 
displacement  of  the  epi-(stylo)  hyaL  The  typically  opistho- 
trematic  condition,  at  present  known  only  for  certain  in  the 
rabbit,  is  suggested  for  the  Getacea  by  the  grooving  of  the  ex- 
occipital  in  the  young  state  for  the  reception  of  the  tympano- 
styloid  synchondrosis,  and  by  Flower's  observation*  that  **a 
strong  ligamentous  attachment "  exists  between  the  stylo-hyal 
and  the  paroccipital  process  in  the  dolphins,  and  for  the  Sirenia 
by  his  remark  (loc,  dt.,  p.  202)  that  in  MancUus  av^ralis  the 
stylo-hyal  is  attached  by  a  short  ligament  ''chiefly  to  the 
exoccipitaL" 

That  the  mere  elongation  of  the  paroccipital  process  has 
little  if  anything  to  do  with  the  changes  primarily  undergone 
is  certain,  on  comparison  say  of  Cryptoproda  with  Ganis,  or 
TapiruB  with  Lepus,  That  extensive  development  of  the  tym- 
pano-hyal is  associated  with  mere  apposition  and  downgrowth 
of  the  exoccipital  and  squamosal,  such  as  occurs  in  the  Perisso- 
dactyla,  is  disproved  on  comparison  of  Ovis  and  HyoBmoschvs, 
As  Flower  has  pointed  out,  when  the  tympano-hyal  is  small  a 
fibro-cartilaginous  tract  connects  it  with  the  stylo-hyal,  and 
when  the  former  is  large  the  synchondrosis  is  usually  short. 
This  justifies  the  conclusion  that  small  size  of  the  epi-(stylo) 
hyal  is  usually  associated  with  the  reduction  of  the  pharjmgo- 
(tympano)  hyaL 

^  The  conditions  saggest  redaction  proportionate  to  the  inflation  of  the  bulla. 
For  the  privilege  of  examining  these  skulls  I  am  indebted  to  the  courtesy  of  Sir 
"W.  Flower. 

<  Flower,  lac.  eii.,  Edit.  1,  p.  190. 
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Beyond  this  it  is  impossible  to  go  morphologically.  For 
eyeiy  handful  of  sknlls  compared  on  a  purely  morphological 
basis,  theories  may  he  formulated  which  the  next  handful  will 
oyerthrow.  The  explanation  of  the  facts  must  unquestionably 
be  sought  in  physiological  investigation. 

Comparison  of  Otoeyon  (fig.  7)  with  Canis^  of  CyTWcephalus  with 
HofM^^  suggests  that  the  opposite  extremes  of  modification  may 
be  realised  by  closely  related  forms ;  and  as  interest  so  largely 
centres  in  the  common  rabbit,  comparison  of  other  rodents  is 
invited.  The  close  approximation  of  the  paroccipital  and  mastoid 
processes  and  the  expansion  of  the  extremity  of  the  former,  occur 
in  such  genera  as  Arvicola,  Cricetamys,  Fiber ^  HydromySy  Mterotm, 
Neostoma^  and  in  several  Muridce,  and  thus  suggest  a  wide 
realisation  of  the  opisthotrematic  condition  for  the  rodent  order. 
On  the  other  hand,  in  the  beaver  the  stylo-hyal  is  very  well 
developed,  complete,  and  situated  well  forwards.  It  seems  hard 
to  conceive  that  the  detailed  condition  and  relationships  of  the 
upper  portion  of  the  hyoid  should  be  the  same  in  genera  like 
Cavioy  ChinckiUa^  Mycpotamus;  and  one  is  tempted  to  inquire 
whether,  in  respect  to  the  anterior  comu  of  the  hyoid,  the  enor- 
mous order  Sodentia  may  not  exhaust  the  conditions  occurrii^ 
throughout  the  class  Mammalia,  as  Bobinson's  investigations  show 
to  be  the  case  ^  with  the  mouth  of  the  Fallopian  tube. 


In  consideration  of  the  view  that  the  body  of  the  mammalian 
hyoid  may  possibly  represent  the  basal  elements  (copulse)  of  two 
post-oral  visceral  arches,  I  have  long  been  on  the  alert  for 
evidence  of  a  double  origin.  Thanks  to  the  acumen  of  my 
demonstrator,  Mr  M.  F.  Woodward,  I  have  lately  come  into 
possession  of  the  rabbit's  hyoid  delineated  in  figs.  9  and  10. 

Unlike  that  of  any  mammal  hitherto  described,  it  is  sub- 
divided by  a  transverse  suture  (sJk.)  into  two  wholly  distinct 
and  fairly  equal  portions,  inequality  being  chiefly  due  to  the 
forward  growth  of  the  hinder  half,  to  furnish  (cf.  fig.  10)  a 
process  for  attachment  of  the  mylo-hyoid  muscle.  Interest 
attaches  to  the  specimen  beyond  this,  as  it  was  obtained  from 
an  individual  of  from  3-4  weeks,  the  age  at  which  the  cotyloid 

^  Bobinson,  Joum,  AnaL  and  Phys,^  yoL  zzL  p.  169. 
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element  of  the  hip-girdle  and  the  true  coracoid  (metacoracoid) 
of  the  shoulder-girdle,  which  as  distinct  structures  are  of  short 
duration,  become  evident.^ 

On  examining  a  series  of  specimens  of  different  ages,  however, 
in  the  hope  that  the  suture  might  be  constant,  I  was  doomed  to 
disappointment.  In  a  three  weeks  animal,  in  which  the  anterior 
cornua  were  still  wholly  cartilaginous,  I  found  that  the  region  of 
the  transverse  suture  was  occupied  by  a  tract  of  cartilage,  and 
that  a  similar  cartilaginous  area  extended  backwards  in  the 
median  line,  in  a  manner  indicative  of  ossification  from  three 
centres,  having  the  limitations  of  the  chondrites,  which,  by  union, 
give  rise  to  the  body  of  the  hyoid  in  certain  anurous  amphibia, 
and  were  interpreted  by  Parker  as  *  basi-  and  hyo-(hypo) 
branchials '  (the  *  copula  *  and  *  planum  branchiale '  of  Gaupp).* 
Hope  was,  however,  shattered,  by  the  fact  that  in  a  three  days 
animal  the  body  of  the  hyoid  was  found  to  be  superficially  con- 
tinuously ossified;  and  it  must  remain  for  future  investigation 
to  show  whether  the  condition  of  the  undoubtedly  interesting 
specimen  herein  figured  is  more  than  variational. 


EXPLANATION  OF  PLATE  VIIL 

Fig.  1.  LepuB  cunicidtus. — ^Peritympanic  regioa  of  skull,  dissected  to 
show  the  relationships  of  the  mastoid  aud  paroccipital  processes  with 
the  styloid  and  associated  muscles,      x  1^. 

Fig.  2.  Hyrax  capensis, — Companion  dissection  to  fig.  1 — the  stylo- 
glossus and  digastric  muscles  displaced  to  show  the  stylo-pharyngeus 
(m,8p.).      X  1  J. 

Fig.  3.  Hyrax  capensis. — Lateral  view  of  the  paroccipital  and 
mastoid  processes  and  upper  extremity  of  the  hyoid  arch,  after 
separation,      x  li^. 

Fig.  4.  Sheep  {Ovis  aries). — Lateral  view  of  the  peritympanic 
region  of  the  left  side,  to  show  the  relationships  of  the  upper  extremity 
of  the  hyoid  arch.     Young  specimen.     Nat.  size. 

Fig.  5.  Peritympanic  region  of  human  skull  (Galla),  with  a  well- 
developed  styloid  process.  >    Nat  size. 

Fig.  6.  Two-toed  sloth  (Cholceptts  didadylus), — Companion  dissec- 

^  Cf,  Kranse,  M,  iTUemat.  Jour.  Anal,  and  Hist.,  vol.  ii.  p.  169,  and  also 
Proe,  Zool.  Soc,  1893,  p.  589. 

'  C/.  Parker,  Phil.  Trans.,  1881,  part  L;  and  Ganpp,  in  Schwalbe's  Morpkolg. 
Arbeiteti,  Bd.  S,  p.  399. 
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tion  to  £g.  4,  with  the  heads  of  the  stylo-glossus  and  digastric  museles. 
Nat  size. 

Fig.  7.  Long-eared  fox  (Otocyon  megalotu). — Companion  dissection 
to  figs.  4  and  6.     Nat.  size. 

Fig.  8.  Lepus  cunieulvs. — Specimen  showing  co-ossification  of  the 
stylo-hyal  and  paroccipital  process,      x  1^. 

Fig.  9.  L^us  cuniculus. — Eyoid  of  a  three  to  four  weeks  individuaJ, 
showing  median  transverse  suture  of  the  hody.     Seen  from  above. 

Fig.  10.  The  same,  seen  from  beneath,      x  2. 


REFERENCE  LETTERS. 


cr,  xii. — hypoglossus  nerve. 

fo. — stylo-mastoid  foramen. 

h,8, — stylo-hyal  (in  fig.  5,  the  styloid  process). 

h.  t — ty  mpano-hyal. 
h,tk. — thyro-hyaL 

hy, — upper  extremity  of  hyoid  arcL 
m,d. — digastric  muscle. 
m.6\ — ^m.  stylo-hyoideus  major. 
i7i.«". — ^m.  stylo-hyoideus  minor. 
m.8g, — m.  stylo-glossus. 
m.ftp, — m.  stylo-pharyngeus. 
p.m. — mastoid  process. 
p.o. — paroccipital  process. 

8.h. — transverse  suture  of  body  of  hyoid. 
a.m. — occipito-mastoid  suture. 

ey. — ^tympano-styloid  synchondrosis. 

tp. — tympanic  bone. 


OCCUEEENCE  OF  AN  ENOEMOUS  EENAL  CALCULUa 
By  J.  B.  Yeoman,  M.B.,  Demonstrator  of  Anatomy,  Univer- 
8fUy  of  Edinburgh. 

The  following  is  an  acconnt  of  the  condition  of  the  kidneys,  with 
a  description  of  an  unusually  large  renal  calculus,  found  in  a 
subject  in  the  University  Dissecting-rooms,  in  June  1896.  The 
subject  was  an  elderly  man,  whose  age  was  ascertained  to  be 
between  sixty-four  and  seventy,  but  could  not  be  more  accu- 
rately determined. 

liigM  Kidfhey, — ^The  ascending  colon  and  third  part  of  the 
duodenum  lay  in  front  of  the  right  kidney.  All  the  viscera 
practically  occupied  their  normal  positions.  Attention  was 
attracted  by  a  large  hard  mass  behind  the  ascending  colon. 
The  colon  having  been  turned  aside,  the  mass  was  found  to  be 
in  association  with  the  kidney.  An  incision  was  made  into  it 
and  a  hard  yellowish-white  calculus  was  exposed.  This  was 
removed  by  an  incision  some  4  inches  in  length.  The  kidney  and 
ureter  were  next  removed,  and  the  incision  was  found  to  have 
merely  passed  through  a  dilated  renal  pelvis.  A  lymphatic  gland 
1^  inches  long  and  ^  inch  broad  lay  in  front  of  the  structures 
entering  the  hilum.  On  section  of  the  vessels  at  the  hilum  the 
renal  vein  appeared  to  be  unusually  short,  but  on  closer  exam- 
ination this  was  ascertained  to  be  due  to  the  fact  that  the  sinus 
was  filled  by  a  large  mass  of  dense  fatty  tissue  which  closely 
invested  the  renal  vein,  renal  artery,  and  ureter. 
Measurements  of  kidney : — The  kidney  measured 

7^  inches  in  length. 

4    inches  in  breadth  at  the  hilum. 

2    inches  in  thickness  at  the  posterior  border. 
The  distended  pelvis  was  4  inches  in  length  and  2  inches 
in  breadth  from  the  anterior  lip  of  the  sinus. 

Towards  the  upper  end  of  the  kidney,  on  the  anterior  surface, 
there  was  a  cyst  about  the  size  of  a  pea.  The  capsule  stripped 
readily  off,  and  wa^  non-adherent.    The  general  surface  was  lobu- 
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lated,  the  lobulations  being  due  to  the  occupation  of  the  calico 
by  projections  from  the  calculus.  The  kidney  substance  around 
these  lobulations  appeared,  for  the  most  part,  to  be  normal  in 
structure,  so  far  as  could  be  judged  from  a  naked-eye  examina- 
tion. Where  it  was  normal  it  measured  f -inch  in  thickness  on 
section,  whilst  in  the  lobulations  it  was  thinned  down  so  as  to 
form  a  mere  cyst-like  walL 

Calculus, — ^The  calculus  was  an  exact  cast  of  the  interior  of 
the  pelvis,  calioes,  and  inf  undibula.  It  was  of  a  yellowish-white 
colour,  and  stained  red  over  certain  portions. 

The  weight  was  552  granmies  (about  1  lb.  4  oz.  avoir.).  The 
longest  diameter  measured  4^  inches ;  breadth,  5  inches ;  cir- 
cumference around  its  most  prominent  projections,  10|  inches. 

It  showed  a  large  pear-shaped  portion,  which  had  evidently 
occupied  the  pelvis.  The  remaining  part  presented  seven  pro- 
jections, which  had  lain  in  the  infundibula  and  calices.  Each 
projection  was  attached  to  the  general  mass  by  a  constricted 
neck,  and  beyond  the  neck  expanded  so  as  to  end  in  a  flat 
surface.  From  an  examination  of  the  broken  end  of  one  of 
these  projections,  the  interior  was  seen  to  consist  of  a  multitude 
of  grains,  each  rather  larger  than  a  pin's  head,  agglutinated 
together. 

Chemical  Composition. — Particles  were  removed  from  the 
interior  of  the  broken  projection,  and  also  from  its  edge.  These 
were  subjected  to  a  qualitative  analysis. 

1.  Particles  from  Interior, — ^These  were  insoluble  in  hydro- 
chloric acid,  even  when  concentrated,  thus  excluding  phosphates, 
oxalates,  and  carbonates. 

Concentrated  ammonia  did  not  affect  them,  so  that  tyroan, 
xanthin,  and  cystin  were  all  absent 

On  boiling  with  caustic  potash  no  ammonia  was  given  off,  so 
that  ammonium  urate  and  ammonio-magnesium  phosphate  w^ere 
not  constituenta 

On  adding  dilute  nitric  acid  and  evaporating  to  dryness  the 
residuum  gave  a  purple-red  colour  with  ammonia,  and  a  blue- 
violet  with  caustic  potash,  proving  the  presence  of  uric  acid. 

2.  Particles  from  Exterior  of  Projection, — On  the  addition  of 
hydrochloric  acid  some  carbonic  acid  gas  was  given  off,  indicating 
the  presence  of  a  carbonate. 
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Faint  traces  of  magnesium  were  made  out  to  be  present.  On 
the  addition  of  heat  to  the  particles  they  charred  very  readily, 
indicating  that  organic  matter  was  present  in  large  quantity. 

The  ash,  as  well  as  the  hydrochloric  acid  extract  obtained 
from  the  particles,  was  exceedingly  rich  in  phosphorus. 

Everything  in  connection  with  the  behaviour  of  this  organic 
matter  indicated  that  it  was  of  nuclear  origin,  and  in  all  proba- 
bility derived  from  dried  pus. 

Left  Kidney, — ^The  left  kidney  occupied  its  normal  position. 
Comparatively  small  calculi  could  be  felt  embedded  in  its  sub- 
stance, and  also  free  in  the  pelvis.  When  dissected  out,  the 
kidney  measured  6  inches  in  length,  2^  inches  in  breadth  at  the 
hilum,  and  f  inch  in  thickness  at  the  posterior  border.  The 
pelvis  was  widely  dilated,  although  not  to  the  same  extent  as  in 
the  right  kidney.  The  capsule  stripped  readily  off,  and  the 
kidney  substance  appeared  normal.  A  plaster-cast  was  taken 
of  the  pelvis  and  calices,  and  this  bore  a  striking  resemblance 
in  form,  but  was  somewhat  smaller  than  the  calculus  removed 
from  the  right  kidney. 

Caicidi. — Of  the  four  calculi  removed  from  this  kidney  the 
largest  was  about  the  size  of  a  horse-bean,  and  of  somewhat  the 
same  shape.  It  weighed  4*7  grammes.  The  next  in  size  weighed 
1'85  grammes.  These  two  lay  free  in  the  pelvis,  and  the 
smaller  was  distinctly  facetted. 

Of  the  two  embedded  in  the  kidney  substance  one  was  tooth- 
shaped,  1  cm.  in  length,  and  4  mm.  in  breadth  at  its  base.  It 
weighed  -15  granmie&  The  other  was  pyramidal,  with  a  concave 
oval  facet  on  its  base.  It  was  3  mm.  in  length  from  apex  to 
base,  and  weighed  '02  grammes.  On  one  of  its  flat  surfaces 
there  were  two  or  three  minute  projections. 

The  sigmoid  flexure  in  this  subject  measured  17  inches  in 
length. 

I  owe  my  thanks  to  T.  H.  Milroy,  M.B.,  B.Sc.,  for  assistance 
the  analysis  of  the  large  calculu& 
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A  DISCUSSION  OF  SOME  POINTS  IN  THE  DISTBIBU- 
TION  OF  THE  SPINAL  NEEVES.  By  Professor  A  M. 
Patebson,  University  College^  Liverpool. 

A  Typical  Spirud  Nerve. 

It  is  not  necessary  to  do  more  than  indicate  the  orderly 
segmental  manner  of  distribution  of  a  typical  spinal  (thoracic) 
nerve.  Its  posterior,  lateral  and  anterior  divisions .  have  all 
their  definite  areas  of  distribution  to  the  muscles  and  skin  in 
the  dorsum,  side,  and  venter  of  the  trunk 

The  special  difficulties  which  arise  in  relation  to  the  distribu- 
tion of  the  spinal  nerves  are  (1)  the  homologies,  and  (2)  the 
segmental  distribution  of  the  limb  nerves. 

I.  Homologies  of  Limb  Nebves. 

Our  President  has  recently  expressed  (Quain,  voL  ill  p.  382) 
the  different  views  held  on  this  question : — Are  the  limb  nerves 
homologous  with  the  lateral  branches,  or  with  the  entire  anterior 
primary  divisions  of  thoracic  nerves  ? 

The  outstanding  facts  in  favour  of  the  latter  view  are  (1)  the 
absence  of  anterior  cutaneous  nerves  to  the  trunk  in  the  limb 
regions;  (2)  the  division  of  the  nerves  entering  tiie  limb 
plexuses  into  posterior  and  anterior  divisions,  comparable  to 
the  lateral  and  anterior  branches  of  a  thoracic  nerve.  The  maiD 
objections  to  the  view  are  (1)  the  apparent  anomalies  in  ^ 
arrangement  of  some  of  the  limb  nerves,  (2)  the  presence  of  an 
intercostal  branch  to  the  first  thoracic,  and  (3)  the  behaviour  of 
T2  and  S3. 

These  difficulties  admittedly  prevent  an  unconditional  aocept- 
ance  of  the  view  I  uphold.  They  are  obstacles  which  apply 
equally  to  both  limbs ;  and  specially  occur  in  nerves  supplying 
the  parts  on  the  post-axial  border. 

1.  In  both  limb  plexuses  the  most  post-axial  nerve  fails  to 
divide,  and  is  entirely  associated  with  the  anterior  (ventral)  oori 

(In  the  brachial  plexus,  Herringham  traced  Tl  to  the  posterior 
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cord  6  times  out  of  45.    I  have  recently  found  the  connection  in 
11  cases  out  of  33.) 

2.  In  both  limbs  the  post-axial  border  is  supplied  by  a  nerve 
(T2  or  S3)  which  in  other  respects  is  scarcely  to  be  regarded  as  a 
limb  nerve  proper. 

3.  In  the  lower  limb  the  last  thoracic  nerve,  the  first  lumbar 
nerve,  and  the  third  sacral  nerve  supply  branches  to  the  dorsal 
surface  of  the  limb  (= lateral  branches),  and  branches  to  the 
trunk  reaching  the  ventral  axis  of  the  body  (  =  anterior  branches), 
but  no  (cutaneous)  branches  to  the  ventral  aspect  of  the  limb 
(exc.  LI). 

How  are  we  to  account  for  the  absence  of  the  posterior 
element  in  the  limb  plexuses  of  Tl  and  of  S2  or  S3  ?  And  what 
light  do  these  other  nerves,  intercosto-humeral,  T12,  LI,  and  small 
sciatic  throw  upon  the  question  of  homology  of  limb  nerves  ? 

Agreeing  at  the  outset  that  the  dorsal  and  ventral  surfaces  of 
each  limb  are  homolc^us,  and  correspond  to  the  lateral  and 
ventral  surfaces  of  the  trunk,  there  are  certain  anomalies  present 
preventing  us  from  understanding  the  homology  of  the  dorsal 
and  ventral  trunks  in  the  limb  plexuses  with  the  lateral  and 
ventral  trunks  of  the  spinal  nerves, — anomalies  in  origin  and  in 
distribution. 

These  anomalies  exist  chiefly  at  the  post-axial  border  of  each 
limb,  and  assist,  I  think,  in  throwing  light  upon  the  conditions. 

In  the  Arm,  at  the  post-axial  border,  the  dorsal  branch  of  the 
ulriar,  the  posterior  branch  of  the  internal  cutaneous,  the  lesser 
internal  cutaneous,  and  the  intercosto-humeral  nerves,  are  dis- 
tributed in  series  with  one  another  on  the  posterior  (dorsal)  side 
of  the  limb.  Is  it  unjustifiable  to  suppose  that  the  two  first- 
named  nerves  contain  the  posterior  (dorsal)  element  of  Tl,  which, 
instead  of  leaving  the  nerve  in  the  axilla  in  the  ordinary  way, 
faaa  been  drawn  into  the  limb  by  the  close  connection  of  C8  and 
Tl,  and  for  convenience  of  transit  along  the  post-axial  border  of 
the  limb  ? 

The  lesser  internal  cutaneous  arises  only  fromTl  (Herrii^ham) ; 
and  I  have  frequently  followed  it  up  to  the  dorsal  aspect  of  the 
nerve  in  the  plexus. 

Jt  is  not  necessary  to  dilate  upon  the  variability  in  mode  of 
cListribution  of  T2.  Cunningham  mentions  it  as  frequently  assist* 
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ing  in  supplying  the  intercostal  muscles  of  the  first  space.  Its 
connection  with  Tl  in  the  plexus  I  hope  to  refer  to  on 
another  occasion.  All  I  wish  to  insist  upon  just  now  is,  that 
the  lateral  branch  is  distributed  on  the  post-axial  border  and 
dorsoU  surface  of  the  arm.  I  venture  to  suggest  that  the  nerves 
named  are  in  series  with  the  posterior  trunks  of  the  brachial 
plexus.  In  the  case  of  the  first  three  they  contain  the  missiDg 
posterior  part  of  Tl  (there  are  no  muscles  on  the  back  of  the 
arm  supplied  by  Tl) ;  and  the  humeral  nerve  from  T2  is  homo- 
logous with  them.  The  inference,  therefore,  is  that  the  anterior 
branch  of  T2  is  homologous  with  the  anterior  (ventral)  cords  of 
the  brachial  plexus. 

In  the  lower  limb,  there  are  nerves  which  aid  in  this  inquiiy 
at  both  borders.  At  the  preaxud  border :  T12,  by  its  iliac  branch, 
assists  in  supplying  the  dorsal  aspect  of  the  limb.  LI,  by  the  iliac 
branch  of  the  iUo-hypogastric,  also  helps  in  supplying  the  same 
surface.  The  anterior  terminal  branch  of  T12  is  limited  wholfy 
to  the  trunk ;  the  ilio-hypogastric  and  ilio-inguinal  supply  the 
trunk,  and  the  latter  reaches  also  the  ventral  surface  of  the  limb. 
Again,  although  here  no  limb  muscles  are  innervated  by  these 
nerves,  their  cutaneous  parts  indicate  a  similar  homology  to  tiiat 
referred  to  above.  At  the  post-axial  border,  at  the  origin  of  the 
sacral  plexus,  it  is  usual  for  the  internal  popliteal  nerve  to  con- 
tain a  nerve  more  post-axial  than  the  last  entering  the  external 
popliteal.  In  the  limb,  the  external  saphenous  nerve,  or  one  d 
its  components  (Ck)m.  Tib.  or  Com.  Fib.),  supplies  the  outer  side  ol 
the  leg  and  foot,  very  often  extending  for  a  considerable  distance 
on  to  the  dorsum.  The  area  in  question  is  supplied  by  Si,  2, 3, 
or  SI,  2.  Higher  up  the  limb  this  (post-axial)  border  receives  the 
small  sciatic  (S2  3,  or  SI,  2,  3).  These  nerves  may  not  unfaidj 
be  considered  to  contain  the  missing  element  in  the  f  ormatkn 
of  the  plexus,  completing  the  dorsal  or  posterior  part  of  the  last 
nerve  (S2  or  S3). 

The  variability  in  the  constitution  of  the  external  saphenous 
nerve  supports  this  view.  When  the  dorsimi  of  the  foot  and 
post-axial  border  of  the  leg  are  supplied  by  the  communicaos 
tibialis  nerve  alone  it  may  be  considered  that  the  nerve  has 
passed  down  the  limb  in  a  way  similar  to  that  indicated  for  the 
dorsal  branch  of  the  ulnar. 
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It  is  not  necessary  here  to  discuss  the  homologies  of  the  small 
sciatic  nerve,  beyond  stating  the  opinion  that  its  gluteal  and 
femoral  branches  correspond  to  lateral,  and  its  internal  femoral 
and  perineal  branches  to  anterior  divisions  of  typical  nerves.  It 
is  only  with  the  share  taken  in  the  formation  of  this  nerve  by 
S3  that  we  are  concerned  just  now.  Even  when  that  nerve  is 
not  concerned  in  forming  the  internal  popliteal  it  is  distributed 
through  the  small  sciatic  (1)  to  the  dorsal  aspect  of  the  limb, 
buttock  and  thigh,  and  (2)  to  the  perineum.  The  former  is  the 
lateral,  the  latter  homologous  with  the  anterior  branch  of  the 
third  sacral  nerve.  The  anomalous  nerves  mentioned  appear  to 
support  the  view  that  the  limb  nerves  are  homologous  with  the 
whole  anterior  divisions  of  typical  thoracic  nerves. 

11.  The  Segmental  Distribution  op  Limb  Nerves. 

The  arrangement  of  the  limb  nerves  in  plexuses,  and  the  fact 
that  in  the  limbs  no  spot  of  skin,  and  (probably)  no  muscle,  is 
supplied  by  one  spinal  nejrve  alone,  make  it  impossible  to  state 
with  precision  the  segmental  distribution  of  the  spinal  nerves  in 
the  limbs.  Although,  however,  by  anatomical  methods  it  is  im- 
possible to  separate  the  fibres  of  one  spinal  nerve  from  its  neigh- 
bour, yet  there  is  sufficient  evidence  to  indicate  on  the  whole  a 
distinctly  continuous  s^mental  mode  of  distribution  of  both 
motor  and  sensory  fibres. 

A  different  plan  or  scheme  obtains  for  muscles  and  for  skin. 

A.  ifusdes. 

1.  No  limb  muscle  proper  receives  its  nerve  supply  from 
posterior  primary  divisions. 

2.  The  limb  muscles  are  fundamentally  divisible  into  dorsal 
and  ventral  strata  supplied  by  dorsal  and  ventral  nerves  of  the 
plexuses;  and  dorsal  muscles  and  ventral  muscles  are  always 
supplied  by  their  corresponding  nerves.  A  double  nerve  supply 
usually  occurs  at  the  borders  of  the  limb  {e.g.,  pectineus,  biceps 
flexor  cruris,  brachialis  anticus),  and  indicates  a  fusion  of  dorsal 
and  ventral  elements. 

3.  The  muscular  stratum  is  more  extensive  on  the  ventral 
than  on  the  dorsal  surface  of  each  limb ;  and  the  ventral  nerves 
are  more  numerous.    The  nerve  added  is  post-axially  placed. 
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Dorsal  Nerves.  Ventral  Nerves. 

Arm  .    C.  (3,  4),  5,  6,  7,  8.        C.  5,  6,  7,  8,  T.  L 

Ixnoer  Limb    L.  2,  3,  4,  5,  S.  1,  2.      L.  2,  3,  4,  5,  S.  1,  2, 3. 

Tracing  the  nerves  to  the  periphery,  those  centrally  placed 
extend  furthest ;  the  pre-axial  and  post-axial  nerves  on  both  sur- 
faces in  each  limb  only  supplying  the  more  proximal  parts  of 
the  limb. 

In  the  Arm, 

On  the  dorsal  surfa/ce :  Shoulder  muscles,  C.  3,  4,  5,  6, 7, 8. 

Arm  muscles,  C.  6,  7,  8. 

Forearm  muscles,  C.  6,  7. 
On  the  verUral  surface :  Chest  muscles,  C.  5,  6,  7,  8,  T.  1. 

Arm  muscles,  C.  5,  6,  7. 

Forearm  muscles,  C.  6,  7,  8,  T.  1. 

Hand  muscles,  C.  6,  7,  8,  (T.  1). 

Dorsum. 
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The  diagram  (fig.  2)  indicates  a  distinct  hiatus  in  the  continuous 
and  s^mental  distribution  of  the  nerves  in  the  front  of  the  arm. 
While  by  stretching  a  point  the  G.  6  may  be  regarded  as  con- 
tinuously supplying  a  ray  right  through  to  the  hand  at  the 
preaxial  border  on  the  dorsal  surface  (it  does  not  do  so  really,  as 
there  is  a  gap  between  deltoid  and  supinator  longus),  there  is  a 
marked  gap  at  the  post-axial  border  on  the  ventral  surface.  0.  8 
and  T.  1  absolutely  disappear  on  the  imier  side  of  the  arm,  and 
only  reappear  in  the  forearm.  This  may  perhaps  be  attributed 
to  muscular  suppression ;  the  cutaneous  innervation  of  the  area 
makes  the  s^ment  complete. 

In  the  Lower  Limb. 

On  the  dorsal  mrfojee :  Thigh  and  buttock,  L2  3  4  5,  Sl,2. 

Leg  and  foot,  14, 5,  SI. 
On  the  ventral  mrface :  Thigh,  L2, 3, 4, 5,  SI,  2, 3. 

Leg,  L4, 5,  SI,  2. 

Foot,  L5,  SI,  2. 

Dorsum.  Venter. 
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In  the  leg  there  are  no  anomalous  gaps.  The  points  notice* 
able  are  that  (1)  on  the  whole  the  ventral  nerves  are  more  post- 
axial,  e.g,y  L4,  5,  SI  appear  on  the  dorsum  of  the  foot ;  on  the 
sole,  L5,  SI,  2.  (2)  the  ventral  nerves  are  more  numerous  than 
the  dorsal,  by  the  addition  of  a  post-axial  nerve  S3  (to  two 
muscles,  obturator  intemus  and  biceps). 

There  is  thus  in  both  Umbs  a  certain  agreement  in  the 
distribution  of  the  motor  nerves. 

1.  There  is,  with  certain  specified  exceptions,  a  continuity  in 
the  segmental  distribution  of  motor  nerves  on  both  dorsal  and 
ventral  surfaces. 

2.  The  dorsal  and  ventral  nerves  adhere  to  their  proper  areas. 
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3.  There  are  more  nerves  implicated  on  the  ventral  side. 

4.  The  additional  ventral  nerves  are  post-axiallj  placed 

5.  While  the  pre-axial  and  post-axial  nerves  are  shed  in  their 
passage  through  the  limb,  the  more  pre-axial  are  more  proxi- 
mally  lost  than  the  post-axial. 

Taking  all  the  evidence  at  our  disposal,  I  think  that  while  we 
must  discard  Herringham's  Axioms,  II.  B.  and  C.  (to  the  e£fect 
that  the  muscles  nearer  the  long  axis  of  the  body,  and  muscles 
nearer  the  surface  of  the  limb,  are  supplied  by  higher  nerves); 
his  law  11.  A.  possesses  a  basis  of  truth.  *'  Of  two  musdes,  thai 
Tiearer  the  head  end  of  the  body  tends  to  he  supplied  Jy  the  higher 
nerve  ;  and  that  nearer  the  tail  end  hy  the  lower  nerve.^ 

B.  Skin, 

While  in  some  respects  the  cutaneous  innervation  of  the 
limbs  agrees  with  the  method  of  supply  to  muscles,  in  others 
there  are  such  difiTerences  that  one  concludes  that  a  different 
plan  or  type  underlies  the  distribution  of  the  limb  nerves  as  far 
as  skin  is  concerned.  The  suppression  of  muscles  leads  to 
anomalies  in  segmental  distribution.  The  cutaneous  areas  are 
continuoua 

The  axial  lines  of  the  limbs  give  the  key  to  a  proper  under- 
standing of  the  distribution  of  cutaneous  nerves  to  the  limbs. 

Sherrington  regards  these  lines  as  an  extension  on  to  the 
dorsal  and  ventral  surfaces  of  the  limbs  of  the  axial  lines  of  the 
trunk.  I  am  rather  inclined  to  regard  them  as  skin  territories, 
which,  owing  to  the  absence  of  their  proper  segmental  nerves 
which  have  been  carried  away  for  the  innervation  of  the  sMn 
areas  of  the  limb  proper,  have  been  raided  by  a  series  of  nerves 
belonging  more  strictly  to  adjacent  districts. 

These  axial  lines  are  very  similar  in  both  limbs. 

The  dorsal  axial  lins 

In  the  arm  can  be  traced  from  the  spine  to  the  lower  end  of 
the  deltoid.  Its  presence  indicates  a  gap  in  the  continuity  of 
the  cutaneous  nerves  supplying  the  limb  from  its  pre-axial  to  its 
post-axial  border  (C4  or  b  to  T2).  Where  it  ends,  the  nerves 
can  be  traced  in  continuity  on  the  dorsal  surface  of  the  limb 
from  border  to  border. 

In  the  leg  the  dorsal  axial  line  is  traceable  from  the  spine 
over  the  buttock  to  the  head  of  the  fibula.    It  separates  the 
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areas  of  distribution  of  L3  from  S3.  At  its  lower  end  there  is 
a  continuous,  segmental,  distribution  of  the  cutaneous  branches 
of  the  spinal  nerves  from  pre-axial  to  post-axial  border  of  the 
dorsal  surface  (L3-S2). 

The  ventral  axial  line  in  both  limbs  is  much  more  extensive. 

In  the  arm,  it  is  traceable  from  the  sternum  at  the  level  of  the 
second  rib,  down  the  front  of  the  limb  to  the  wrist.  It  sepa- 
rates successively  the  cutaneous  distribution  of  G4,5,6  from 
T2, 1, 08.  At  its  lower  end,  in  the  palm  only  is  there  continuity 
of  cutaneous  innervation  (C5, 6, 7, 8,  Tl), 

In  the  lower  limb  it  is  traceable  from  the  dorsum  of  the  penis 
down  the  inner  side  and  back  of  thigh  and  leg  to  the  heeL  It  sepa- 
rates successively  LI,  2, 3, 4,  from  S3, 2, 1.  Only  in  the  sole  does 
L5  appear  to  complete  the  segmental  and  continuous  distribu- 
tion of  cutaneous  nerves.  With  the  qualification  introduced  by 
the  presence  of  these  lines,  it  is  obidous  bow  both  surfaces  of 
each  limb  receive  a  cutaneous  nerve  supply  which  is  even  more 
obviously  segmental  than  in  the  case  of  muscles. 

There  are  certain  resemblances  and  certain  differences  in  the 
two  cases. 

Beseniblances. 

1.  Dorsal  and  ventral  surfaces  are  supplied  by  dorsal  and 
ventral  nerves. 

2.  The  pre-axial  and  post-axial  nerves  are  shed  along  the 
borders  of  the  limbs  in  tiieir  passage  to  the  periphery,  the 
central  nerves  extending  furthest. 

3.  The  pre-axial  nerves  tend  to  disappear  more  proximally 
than  the  post-axial  nerves. 

Differences, 

1.  The  dorsal  cutaneous  area  is  much  more  •extensive  than  the 
ventral  area. 

2.  The  dorsal  area  is  supplied  by  more  numerous  nerves : — 

._fi>orsaZ,  03,4, 5,6, 7,8,Tl,2.2^„e«r/T12,Ll,2,3,4,5,Sl,2,3. 
I  Ventral,  03  4  5, 6, 7, 8,  Tl.    «^-  I  L2  3  4  5,  SI,  2. 

and  the  added  nerves  are  generally  more  post-axiaL 

3.  Nerves  not  properly  limb  nerves,  and  derived  from  both 
posterior  and  anterior  primary  divisions,  are  brought  into  requi- 
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sition  for  the  supply  of  the  skiiL    This  is  specially  seen  at  the 
borders  of  the  limbs. 

Arm^        .     pre-axial  border,  C3,  4. 

post-axial  border,  T3,  2. 
Lower  lAmh^  pre-axial  border,  T12,  LI. 

post-axial  border,  S3,  2. 

The  most  marked  feature  in  the  cutaneous  innervation  of  the 
limbs  is  certainly  the  absence  of  gaps;  the  investigations  of 
Herringham  and  Sherrington  have  made  abundantly  clear  the 
essentially  segmental  nature  of  the  distribution  of  the  cutaneous 
nerves. 


A  CASE  OF  ADEENAL  ADENOMA.  By  T.  N.  Kelynack, 
M.D.,  M.K.C.P.,  Patholoffist,  Manchester  Boycd  Infirmot/ry ; 
DemoTistrator  and  Assistant  Lecturer  in  Pathology ^  The 
Owens  College, 

Adenomata  fonn  one  of  the  most  important  and  interesting 
forms  of  growth  met  with  in  connection  with  the  supra-renal 
bodies. 

As  they  are  by  no  means  of  common  occurrence,  it  seems  de- 
sirable that  each  case  should  be  placed  on  record. 

The  following  is  the  only  well-defined. adrenal  adenoma  reach- 
ing to  any  considerable  size  which  has  come  under  my  notice, 
although  during  the  last  few  years  I  have  had  opportunities  of 
examining  considerably  over  a  thousand  subjects. 

The  patient  (1)  was  a  warehouseman,  aged  63.  Death  was  due 
to  cerebral  haemorrhage,  which  occurred  at  night  during  a 
drunken  carouse.  The  kidneys  were  typically  **  granular."  An 
extensive  haemorrhage  involved  the  greater  part  of  the  left  basal 
ganglia,  ploughed  up  the  internal  capsule,  and  extended  into  the 
lateral  ventricle.  There  was  no  growth  anywhere  in  the  body 
except  in  the  right  supra-renal. 

The  right  adrenal  was  very  much  enlarged,  but  uniformly  so, 
and  was  somewhat  triangular  in  shape.  It  weighed  one  and  a 
half  ounce.  On  section  it  consisted  of  soft,  reddish-white,  and 
extremely  vascular-looking  tissue. 

There  was  no  division  into  cortex  and  medulla,  the  whole 
body  having  a  more  or  less  uniform  appearance. 

The  left  supra-renal  was  perfectly  normal. 

MicroscopioaJ  Examination, 

After  hardening  in  alcohol  and  embedding  in  celloidin,  sec- 
tions were  cut  by  means  of  an  ether-freezing  microtome.  The 
most  satisfactory  staining  was  obtained  with  hsematin  and  rubin 
and  orange. 

The  following  briefly  indicates  structure,  as  seen  under  both 
low  and  high  powers  (Zeiss,  A  and  F) : — 


Fio.  1. — Section  of  Adreiul  Adeooiiu,  low  power  (Zaa  oc  2,  obj.  A}. — 1,  SInmM 
of  fine  fibrous  tisaae  ;  3,  clnaters  of  ronad  cells  in  the  stronut ;  8,  epaeea 
lined  by  and  containing  cabicsl  epithelial  cells  ;  1,  one  cyst-like  spMeehows 
tendency  to  intra-cyetic  papillary  growth  ;  fi,  one  large  epace,  to  the  right, 
shows  granular  material,  consisting  in  part  of  d^euetated  cell*. 


a.  2. — Section  of  Adrenal  Adenoma,  high  power  (Zeiss  oc  3,  obj.  D). — 1, 
Stroma  of  fine  fibrous  tianie ;  2,  roond  cells  scattered  thnnigh  atranui ;  8, 
imgokr  spaces  lined  with  epithelinm. 
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Low  Power, — 

A  fibrous  stroma  split  up  the  whole  adrenal  growth  into 
irregular  spaces,  containing  cells.  The  fibrous  trabeculse  varied 
much  in  extent  in  different  parts,  being  in  some  places  very 
abundant,  and  forming  large  bands  of  connective  tissue,  while  in 
other  parts  consisting  of  a  mere  network  of  fine  fibres.  In  many 
places  the  stroma  presented  aggregations  of  small  round  cells, 
staining  deeply  with  hsematin. 

The  spaces  were  very  irregular  in  size  and  shape.  Some  were 
very  large,  while  others  were  extremely  small.  Many  were 
more  or  less  circular,  but  some  presented  a  very  distinctly 
elongated,  almost  cylindrical,  appearance.  All  the  spaces  con- 
tamed  masses  of  cells,  which  in  some  instances  filled  the  cavity, 
while  in  others  they  formed  a  lining  only.  Some  of  the  spaces 
contained  a  considerable  amount  of  granular  structureless 
material,  consisting  apparently  in  greater  part  of  degenerate 
cells.  In  some  few  places  there  were  collections  of  blood  cor- 
puscles. 

High  Power, — 

The  stroma  was  formed  of  closely  placed  fine  fiJtrr&m  tissue. 
The  nuclei  of  the  cells  were  indistinct,  and  stained  badly.  The 
fine  trabecular  fibres  surrounded  the  groups  and  columns  of  epi- 
thelial cells,  and  even  passed  as  it  were  into  the  spaces,  dividing 
the  larger  clusters  of  cells  into  smaller  group.  In  some  few  in- 
stances the  fibrous  tissue  projected  as  papillae  into  the  cysts,  lined 
with  a  single  layer  of  epithelial  cells.  In  many  places  there  were 
extensive  collections  of  round  cells,  evidently  leucocytes,  and, 
often  in  close  proximity,  yellowish  areas  of  hlood  accumulation. 

The  cells  occupying  the  spaces  were  of  more  or  less  cubical 
shape,  each  with  a  well-defined,  large,  and  deeply  staining  nucleus. 
The  protoplasm  was  of  a  somewhat  granular  appearance.  Many 
of  the  cells  showed  various  degrees  of  degenerative  change.  Some 
were  quite  necrotic,  and  would  not  taie  the  stain  at  all.  While 
the  cells  lining  the  spaces  varied  much  in  size  and  shape,  they 
all  presented  distinct  epithelial  characters,  and  were  arranged 
after  a  clearly  adenomatous  type. 

The  spaces  were  usually  lined  by  a  single  layer  of  cells. 
There  was  no  clearly  defined  basement  membrane;  the  cells 
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appeared  to  be  directly  planted  on  the  fibrous  trabecolffi.  In 
many  instances  there  were  two  or  more  rows  of  cells,  and  some- 
tunes  whole  spaces  were  crowded  with  cells.  Some  spaces 
showed  slight  evidence  of  intra-cystic  papillomatous  growth. 
In  some  places  the  cells  were  arranged  in  columns,  giving  a 
close  resemblance  to  the  zona  fasciculata  of  the  normal  ad- 
renal. 

There  were  very  few  well-defined  blood-vessels,  but  in  some 
parts  slight  accumulation  of  red  corpuscles. 

For  the  accompanying  illustrations  I  am  indebted  to  my  friend 
and  colleague  in  the  Pathological  Department  of  the  Owens 
College,  Dr  Moore,  who  has  very  carefully  prepared  them  from 
my  sections  by  means  of  the  camera  lucida. 

The  present  example  can,  I  think,  without  hesitation,  be  con- 
sidered one  of  adenomatous  growth.  Mr  Bland  Sutton,  who  has 
kindly  given  me  his  opinion  on  the  specimen,  says  there  can  be 
no  doubt  as  to  its  being  a  so-called  ''  adrenal  goitre"  (3). 

As  Virchow  and  others  have  pointed  out,  the  supra-renal,  Uke 
the  thyroid,  may  undei^o  a  general  enlargement,  due  apparently 
to  pure  glandular  proliferation. 

BoUeston  (4)  describes  two  forms  of  adrenal  adenomata.  The 
jlr^i  occurs  as  multiple  small  yellowish  nodules  situated  on  the 
cortex  of  the  organ.  The  second  are  met  with  as  large  growths, 
usually  single,  but  sometimes  occurring  in  each  adrenal. 

"  They  do  not  involve  the  whole  of  the  organ,  but  form  distinctly 
localised  tumours,  which  may  attain  a  very  considerable  size.  They 
ariBOy  as  a  rule,  in  the  cortex,  either  from  one  or  more  of  its  zones, 
and  project  usually  from  one  side,  though  the  whole  thickness  of  the 
organ  may  be  affected." 

Virchow  has  described  certain  adrenal  adenomata  under  the 
name  of  '  struma  lipomatosa  supra-renalis.' 

Cases  have  also  been  recorded  by  Manasse  (5),  Filliet  (6),  and 
others. 

Bland  Sutton  (7)  has  described  and  figured  a  growth  which  he 
met  with  in  a  marmot,  and  considered  to  be  an  adrenal  adenoma. 
In  this  instance  there  were  also  nodules  in  the  liver. 

It  is  interesting  to  note  that  tumours  having  the  structure  of 
adrenal  tissue  occasionally  occur  in  connection  with  the  peri- 
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adrenal  fat,  in  the  tissues  near  to  the  solar  plexns,  in  the  broad 
ligament,  and  in  connection  with  the  kidney  (8-13). 

These  may  be  best  considered  as  adenomata  of  accessory  ad- 
renals, and  are  conveniently  spoken  of  as  supra-renal ''  rests  "  (14). 
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Introductory. 

The  literature  of  the  swim-bladder  is  very  extensive,  but  the 

papers  which  deal  in  a  satisfactoiy  manner  with  the  minute 

structure  of  the  "  red  bodies  "  or  "  blood-glands  "  in  its  interior 

are  compeuratively  few.    Moreover,  the  observers  are  not  agreed 

among  themselves  as  to  several  points,  and  some  facts  have  been 

overlooked  entirely.    Very  few  of  the  drawings  we  have  been 

able  to  find  give  anything  like  an  adequate  representation  of  the 

microscopic  appearance  of  these  structures.    We  shall  not  enter 
VOL.  XXX.  (n.s.  vol.  X.)  2  0 
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into  any  dificussion  of  the  general  functions  of  the  swim-bladder, 
but  simply  confine  our  attention  to  the  histology  of  the  above 
bodies,  with  brief  reference  to  their  physiology. 

Some  observers  have  laid  great  stress  on  results  obtamed  by 
injection  of  the  blood-vessels.  But  the  blood-vessels  are  not 
the  only  constituents  of  the  "  red  bodies,"  nor  indeed  the  most 
important;  and  these  writers  have  failed  to  notice  the  exact 
arrangement  of  structures  other  than  the  blood-vessels. 

Both  in  Coming's  paper  (3)  and  in  that  of  Coggi  (2)  the 
drawings  appear  for  the  most  part  too  diagrammatic. 

The  species  examined  by  Corning  and  by  Coggi  were  quite 
different  in  the  two  cases ;  and  our  specimens  have  been  different 
still,  the  only  exception  being  the  eel  which  has  been  examined 
by  Coming.  But  there  is  no  reason  to  suppose  that  there  are 
any  fundamental  differences  between  the  different  species  in 
regard  to  the  essential  structure  of  the  organ  which  concerns  us. 

1.  Historical. 

Here  we  can  only  mention  some  of  the  more  important  papers  which 
deal  specifically  with  the  red  glands. 

The  "  red-bodies  "  in  the  swim-bladder  of  certain  Teleosts  have  been 
known  for  a  very  long  time.  Thus  Gautier  Needham  (16)  seems  to 
have  first  noticed  their  existence  in  1668,  and  his  discovery  was 
followed  by  many  observations  by  B-edi  (23),  Ray  and  Willughby  (22), 
Perrault  (17),  Petit  (18),  KoeWreuter  (9),  Monro  (11),  Fischer  (7), 
and  others.  But  the  earliest  exact  description  of  their  gross  anatomy 
is  that  of  Delaroche  (5)  in  1809.  He  found  the  "red-bodies"  to  be 
present,  as  did  Perrault  and  Monro,  in  all  those  species  which  have 
no  dfictus  pneumaticus,  and  also  in  the  eels,  although  they  have  a  duct. 
Delaroche  gives  a  description  of  the  naked-eye  anatomy  in  the  Gradidse, 
Triglidse,  PercidsB,  some  of  the  Labridas,  and  many  others.  In  the 
same  volume  of  the  Annates  du  MusSum  is  a  "  Bapport "  by  Caviei 
(4),  in  which  is  given  a  good  history  of  the  subject,  and  a  discussion 
of  the  views  of  Delaroche  about  the  "  red-bodies."  Neither  Delaroche 
nor  Cuvier  made  out  their  proper  glandular  elements;  in  fact,  the 
former  says  definitely,  "  Les  parois  de  la  vessie  ne  contiennent,  dans 
leur  epaisseur,  aucune  glande ;  car  il  est  Evident  que  Ton  ne  pent  pas 
regarder  comme  tels  les  corps  rouges  dont  nous  venons  de  donner  la 
description." 

Following  this  were  several  notices  by  Bathke  (20  and  21),  Berkk 
(1),  and  others,  but  J.  Miiller  made  the  next  step  in  advance  (12,  13, 
14,  and  15).  In  1840  (14)  he  gives  a  description  of  the  "border*'  of 
these  bodies  as  a  gland  connected  with  the  rete  mirtibile,  for  the  excre- 
tion of  the  air  of  the  swim-bladder.    He  says  there  is  no  clear  oam- 
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munication  between  the  cells  of  this  border  and  the  cavity  of  the 
bladder,  but  that  there  are  occasional  appearances  of  Imnina  in  trans- 
verse section. 

About  this  time,  too,  was  written  Jacobi's  work  (8),  and  a  paper  by 
Quekett  (19),  who  describes  and  depicts  the  "red-bodies,"  laying  great 
stress  on  their  vascular  arrangements,  but  apparently  overlooking 
entirely  the  "  cellular  border,"  the  proper  glandular  part. 

The  next  communication  to  be  noticed  is  that  of  Keinhardt  (24)  in 
1852.  In  1854  Stannius  (2G)  gives  a  brief  account  of  these  "red- 
bodies."  He  says,  "Sobald  dieses  Zer&llen  der  Arterien  in  diffuse 
Wundernetze  aber  bios  auf  bestimmte  SteUen  der  Schwimmblase  sich 
beschrankt,  eine  Einrichtung,  zu  welcher  die  beim  Hecht  vorhandene 
den  Uebergang  bildet,  constituiren  sie  die  sogenannten  '  rothon  Korper.* 
Diese  rothen  Kdrper  kommen  am  haufigsten  und  fast  allgemein  in 
geschlossenen  Schwimmblasen  vor,  werden  aber  auch  in  solchen 
angetroffen,  die  einen  Ductus  pneumaticus  besitzen,  wie,  z.  B.,  bei  den 
Muraenoi'den  .... 

"Bei manchen  Fischen  sind  die  Wundernetze  von  blassen  oder  gelb- 
lichen,  massig  dicken,  von  der  umgebenden  Haut  abgegrenzten  zelBgen 
Saumen  umgeben,  in  welchen  die  baumartige  Verzweigung  der  aus 
dem  Wundernetze  kommenden  arteriellen  Reiser  Statt  hat,  wahrend 
die  ilbrige  Flache  der  Schwimmblase  ihr  Blut  aus  einfachen  Blut 
gefassen  erhalt  (Perca,  Gadus)." 

Mention  is  made  of  the  structure  of  the  red  gland  by  Leydig  (10), 
and  by  Schulze  (25),  and  in  1886  by  Wiedersheun  (27). 

But  the  two  most  important  contributions  are  still  more  recent.  In 
1887  Coggi  (2)  states  that  he  finds  distinct  gland  lumina  in  certain 
places,  and  that  the  epithelium  of  the  swim-bladder  becomes  modified 
as  it  passes  over  the  surface  of  the  body.  It  will  be  seen  that  in  the 
main  we  agree  with  this  observer. 

In  the  following  year,  1888,  appeared  Coming's  paper  (3),  in  which 
he  divided  the  tufts  of  vessels  going  to  the  gland  into  arteries  and 
veins,  as  the  result  of  injection.  Moreover,  he  denies  the  presence  of 
lumina,  and  says  that  the  glands  are  covered  by  flat  epithelium  con- 
tinuous with  that  of  the  rest  of  the  bladder.  In  criticising  Coggi's 
work,  which  he  had  almost  overlooked,  he  says  that  this  observer  con- 
siders that  "  sich  das  innerste  Epithel  der  Schwimmblase  nicht  liber 
die  Blut  driisen  hinziehe."  What  Coggi  actually  says  is,  "II  Mflller 
ammetteva  che  una  sottilissima  continuazione  della  membrana  interna 
della  vescica  natatoria  coprisse  questi  orli  o  lembi.  Se  non  che  una 
sezione  di  qualunque  corpo  rosso  di  questo  tipo  mostra  all'  evidenza 
che  I'orlo  o  lembo  ^  precisamente  I'epitelio  interno  deUa  vescica,  che 
ha  subito  modificazioni  speciali." 

2.  Methods. 

The  tissues  have  been  mostly  hardened  in  spirit,  stained  in 
bulk  with  Ehrlich's  hsematoxylin,  embedded  in  paraflin,  and  cut 
with  the  rocking  microtome.    Some,  however,  have  been  stained 
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in  borax-carmine  and  picro-carmine.  Others,  ti^in,  have  been 
cut  fresh  with  the  freezing  microtome,  and  the  individual 
sections  stained  in  various  ways. 

In  the  case  of  the  eels  the  bladder  was  injected  with  a  50 
p.c.  solution  of  commercial  "  Formalin,"  cut  out,  and  suspended 
in  formalin  for  about  three  hours,  by  which  time  it  was  well 
hardened ;  sections  were  then  cut,  and  stained  in  the  usual  way. 
The  species  we  have  been  able  to  examine  are : — 
Gddvs  morrhv/iy  Gadus  aeglefinuSy  Merlv/xius  vulgaris,  Molva 
rndgaria,  Zev^faber,  Triglapini,  AnguiUa  anguilla. 

3.   ANATOBfY. 

The  "  red-bodies "  may  be  divided  into  two  groups  in  the 
species  we  have  examined.  In  the  first  group,  a,  e^.  in  Gadus 
morrhua,  the  **  red-bodies  "  may  be  properly  called  "  glands  "  (see 
fig.  5).  As  the  lining  epithelium  of  the  swim-bladder  passes 
over  the  maas  of  capillaries  it  becomes  modified  to  form  a  dis- 
tinctly glandular  epithelium  in  a  manner  to  be  fully  described 
below.  In  the  second  group,  B,  represented  by  Avguilla  anguiUa 
(see  figs.  4  and  8),  the  red-bodies  consist  solely  of  a  mass  of 
capillary  blood-vessels  covered  by  an  unmodified  continuation  of 
the  internal  epithelium  of  the  bladder.  We  shall  describe  the 
glands  in  the  first  group,  and  then  give  a  short  account  of  the 
bodies  of  the  eel. 

A. 

Gadus  Tnorrhua, — ^When  looked  at  with  the  naked  eye  (fig.  5) 
the  single  red  gland  of  this  fish  is  seen  to  lie  on  the  dorsal  surfeice 
of  that  portion  of  the  swim-bladder  which  Ues  immediately 
behind  the  stomach.  In  one  specimen  the  long  axis  of  the 
gland  was  parallel  to  that  of  the  body,  and  the  size  was 
4  cm.  X  2*5  cm.  In  another  the  dimensions  were  8J  cul  x  5  cm. 
Its  free  surface  showed  many  small  clubbed  processes,  packed 
tightly  together ;  each  consisting  of  a  red  mass  of  tissue,  sur- 
mounted by  a  cap  of  yellowish  mucilaginous-looking  material 
(fig,  5).  The  red  gland  is  firmly  fixed  at  the  hilum ;  but,  within 
limits,  glides  easily  at  its  circumference  over  the  wall  of  the 
swim-bladder ;  this  hilum  is  in  the  middle  line  of  the  red  gland, 
and  placed  near  the  anterior  end  of  it. 
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Microscopicallj,  the  structure  seems  to  be  identical  with  that 
of  GdduB  aeglefinvs  (q.v.  and  cf.  fig.  2). 

Oadus  aeglefirms, — ^The  red  gland  is  an  oval  mass  of  a  blood- 
red  colour,  compounded  of  a  large  number  (about  200  ?)  of  club- 
shaped  masses  of  tissue,  and  covered  by  a  coating  of  the  same 
yellowish  material  described  in  Oadus  morrhua.  It  is  situated 
on  the  anterior  part  of  the  ventral  wall  of  the  bladder. 

When  examined  with  the  microscope  the  gland  is  seen  to  be 
composed  of  the  club-shaped  masses  above  mentioned,  packed 
tightly  together ;  each  mass  being  fixed  at  its  thinner  extremity, 
at  which  point  the  vessels  enter  and  leave  the  nodule,  and  at 
which  point  also  the  epithelium  of  the  swim-bladder  becomes 
continuous  with  that  covering  the  nodule. 

This  latter  consists  essentially  of  two  parts : — (1)  a  mass  of 
capillary  blood-vessels,  lying  side  by  side,  conveying  blood  to 
and  taking  blood  from  the  second  parts,  (2)  a  glandular  portion. 
When  the  capillaries  arrive  at  a  point  about  '2  mm.  from  the 
free  surface  of  the  gland  (fig.  3),  they  interdigitate  with  involu- 
tions of  the  glandular  epithelium,  which  dips  down  between 
them,  and  forms  a  covenng  for  them,  thus  constituting  tubular 
glands,  *2  mm.  in  length.  A  lumen  can  in  most  cases  be  readily 
made  out,  of  a  width  up  to  11  /i  (fig.  2,  L), 

The  cells  of  this  epithelium  average  28|ax13/u  in  size; 
their  protoplasm  has  a  faintly  granular  aspect,  and  is  striated 
(fig.  2,  gld,e.y  The  nuclei  are  large,  and  have  a  tendency  to  be 
oval. 

Separating  the  glandular  epithelium  from  the  blood-vessels 
are  frequently  seen  perivascular  lymphatic  spaces  (fig.  2,  p.vs.)^ 
with  occasional  leucocytes  (fig.  2,  whx,), 

Merluccivs  vulgaris. — The  macroscopic  appearances  of  the  red 
gland  do  not  differ  materially  from  those  of  Oadus  morrTma 
(q.v.).  One  point  of  difference  is  that  in  MeTlv4icius  vulgaris 
the  body  is  much  more  transparent  and  gelatinous  Its  greatest 
length  is  about  6  cm.,  greatest  breadth  3  cm.,  in  a  fish  of  60  cm. 
length. 

As  to  minute  anatomy,  when  the  gland  is  examined  with  a 
low  power  of  the  microscope,  it  appears  to  consist  of  deeply- 
stained  masses  of  capillaries,  separated  into  bundles,  about  '5 
mm.  in  diameter,  by  septa  of  fibrous  tissue.    In  a  transverse 
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Bection,  seventy  or  eighty  of  these  capillary  masses  will  be  seen 
cut  in  various  directions.  Those  near  the  free  edge  of  the  gland 
are  observed  to  have  the  same  relations  to  the  glandular  epi- 
thelium as  already  described  for  other  species.  In  some  of 
these  capillary  masses  upwards  of  a  thousand  vessels  can  be 
counted. 

Molva  vulgaris, — Macroscopically,  the  red  gland  of  this  fish 
does  not  differ  from  that  of  others  of  the  cod  family. 

The  preparation  of  this  red  gland  for  microscopical  examina- 
tion was  very  successful,  showing  veiy  clearly  the  relations  of 
the  blood-vessels  to  the  gland  (see  fig.  1).  The  structure  is  very 
siniilar  to  that  of  Ghdus  aeglefinvSy  already  described.  The 
tubular  gland  arrangement  is  particularly  well  seen,  and  in  many 
places  portions  of  its  secretion  may  be  seen  either  in  the  lumiua 
{l,\  or  on  the  edge  of  the  gland  (m.). 

'  Zeus  faber, — In  this  species  the  red  glands  occupy  about  the 
anterior  half  of  the  internal  surface  of  the  ventral  wall  of  the 
swim-bladder.  The  epithelium  is  loose  everywhere,  except  at 
the  hilum  of  the  glands.  These  consist  of  worm-like,  blood*red 
elevations,  of  an  average  width  of  4  mm.  (fig.  6).  They  are 
arranged  in  the  form  of  two  figures  "  3,"  right  and  left,  face 
to  face,  one  slightly  posterior  to  the  other.  The  continuity 
ia  completely  broken  at  certain  places.  The  arrangement  of 
blood-vessels  is  also  shown  in  fig.  6. 

In  microscopic  preparations  (stained  with  Ehrlich's  hsema- 
toxylin,  Kleinenberg's  haematoxylin,  borax-carmine,  and  picro- 
carmine)  of  the  glands  of  the  John  Dory,  we  have  had  no 
difficulty  in  tracing  the  continuity  of  the  internal  epithelium 
lining  the  general  cavity  of  the  swim-bladder  with  the  proper 
glandular  structure  of  the  organs. 

The  arrangement  appears  to  differ  slightly  in  different  parts 
of  the  gland.  In  some  sections  a  strand  of  fibrous  tissue  is 
given  off  at  an  acute  angle  from  the  main  wall  of  the  swim- 
bladder,  separating  the  rete  mirabile  from  the  red  gland  proper. 
A  similar  appearance  is  represented  by  Coggi  in  Serranus  scrHxu 
In  other  sections  there  is  no  such  partial  fibrous  partition,  bat 
at  one  side  of  the  oi^an  the  epithelium  is  proloi^ed  into  a  deep 
fissure,  at  the  deepest  part  of  which  the  transition  takes  place. 
We  have  not  been  able  to  obtain  sections  which  show  the  direct 
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transition  to  the  tubular  glands,  but  there  is  no  doubt  that  the 
epithelium  takes  on  fairly  suddenly  a  markedly  glandular 
aspect  In  both  cases  the  nuclei  of  the  cells  of  the  internal 
epithelium  lining  the  general  cavity  of  the  swim-bladder,  as  this 
approaches  the  glandular  region,  can  be  seen  to  form  several 
layers,  and  is  quickly  transformed  into  glandular  structure. 

The  arrangement  of  the  elements  is  practically  the  same  as 
in  the  species  described  above.  The  gland  cells  are  about  15  ft, 
X 10  /x  with  nuclei  about  6  /i  x  4  /i. 

Trigla  pini. — In  the  specimen  we  examined  there  were  three 
glands  on  the  ventral  surface  of  the  swim-bladder  (fig.  7).  The 
chief  one  is  of  an  uTegular  heart-shape ;  the  other  two  are  smaller 
and  still  more  irregular.  The  glands  are  flatter  than  in  the 
other  species  we  have  examined,  otherwise  their  general  appear* 
ance  is  the  sama 

The  microscopic  appearances  are  somewhat  different  from  any 
of  the  other  species  we  have  examined.  The  tubular-gland 
arrangement  is  not  well  shown,  nor  can  the  intimate  relations 
of  the  blood-vessels  to  the  gland  be  made  out  with  certainty. 

B. 

AnguUla  amg^iMlcL — In  this  fish,  as  previously  intimated, 
there  is  no  true  red  gland,  but  only  what  we  may  call  ''  red- 
bodies,"  or  "  vascular  bodies."  Of  these  there  are  several.  The 
two  chief  ones  are  placed,  as  seen  in  fig.  8,  guarding  the 
entrance  to  the  pneumatic  duct.  The  drawing  represents  the 
appearances  seen  on  the  ventral  wall  of  the  swim-bladder, 
when  viewed  from  the  interior.  The  arrow  indicates  the 
direction  in  which  the  section  is  taken,  depicted  in  the  plate 

(fig.  4). 

Microscopically,  the  **  red-bodies "  of  the  eel  are  seen  to  con- 
sist only  of  masses  of  capillaries,  tightly  packed  together,  and 
covered  by  the  unmodified  internal  epithelium  of  the  swim- 
bladder. 

Fig.  4  shows  many  of  the  smaller  capillary  masses  (up  to 
about  I  niTTi,  diam.)  in  the  wall  of  the  dudus pneurrudicus. 

Thus  the  intimate  structure  shows  that  these  "  red-bodies  *'  of 
the  eel  are  only  partially  comparable  to  the  red  glands  of  the 
Gadidse. 
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From  the  forgoing  descriptions  it  appears  that  in  fishes  which 
do  not  possess  a  dtLctus  pneumcUicus,  the  structures  with  which 
we  are  concerned  consist  of  two  parts,  yascular  and  glandular. 
In  some  fishes,  e^.  the  Gadid^,  these  two  parts  seem  to  be  more 
or  less  broken  up  into  many  small  nodules — each  still  contain- 
ing both  vascular  and  glandular  elements :  in  others,  e.y.  in  Zeus 
faber,  the  red  body  is  not  thus  subdivided,  but  forms  a  long 
worm-like  body,  only  interrupted  at  rare  intervala 

In  all  these  cases,  however,  the  essential  microscopic  structure 
is  similar.  The  internal  epithelium  of  the  swim-bladder  is  in 
all  cases  modified  into  a  glandular  layer  as  it  passes  over  the 
vascular  part  of  the  organ. 

This  epithelium,  in  passing  over  the  gland,  is  thrown  into 
rugse,  the  deeper  parts  of  which  penetrate  into  the  vascular 
mass,  or  rather  interdigitate  with  numbers  of  capillaries  coming 
from  and  going  to  the  vascular  part  of  the  body  (fig.  3).  In  this 
way  we  have  formed  on  the  free  surface  of  the  organ  a  number 
of  glands  much  resembling  those  of  the  cardiac  end  of  a  mam- 
malian stomach  in  appearance,  and  receiving  a  very  free 
supply  of  blood  (see  diagram,  fig.  3). 

Each  gland  is  a  simple  tubular  structure:  the  cells  of  which  it 
is  composed  form  a  single  layer  resting  on  a  basement  mem- 
brane, and  showing  in  most  cases  a  very  definite  lumen.  ^ 

The  cells  of  these  glands  are  short  columnar,  and  often  faintly 
granular ;  in  many  cases  they  are  seen  to  be  distinctly  striated 
(fig.  2),  the  direction  of  the  striae  being  towards  the  lumen  of  the 
gland.  The  nuclei  are  large.  These  glands  seem  to  secrete  a 
mucilaginous  material,  which  has  a  granular  appearance  when 
stained  with  hsematoxylin  (m.,  fig.  1). 

The  basement  membrane  on  which  these  cells  rest  lies  bound- 
ing a  perivascular  lymphatic  space  (p.t?.«.,  figs.  2  and  3),  and 
during  life  must  be  bathed  with  lymph  derived  from  the  thin- 
walled  capillaries  which  lie  almost  in  contact  with  it.  The 
capiQaries  are  derived  from  the  vascular  portion  of  the  red  body 
(see  fig.  2  and  the  diagrammatic  representation  in  fig.  3). 

^  The  question  of  a  lumen  to  these  glands  has  long  been  a  disputed  point. 
Coming  &ilod  to  find  them  in  the  species  he  examined ;  Coggi  terms  them 
spaces  left  by  the  foldings  of  the  epithelium.  We  agree  with  Coggi  as  to  tbe 
existence  of  these  spaces,  but  prefer  to  call  them  the  lumina  of  the  glands. 
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If  we  trace  any  particular  capillary,  we  find  it  formed  at  a 
considerable  distance  from  the  border  of  the  gland  by  the  break- 
ing up  of  a  large  artery ;  then,  in  company  with  many  hundreds 
of  such  capillaries,  it  makes  its  way  towards  the  surface ;  arrived 
at  its  most  superficial  part,  in  the  small  column  of  tissue  which 
intervenes  between  the  adjacent  tubular  glands  (see  fig.  3),  it 
doubles  back  upon  its  former  course,  and  on  arrival  at  a  point 
similar  to  the  one  at  which  the  artery  breaks  up,  several  of  these 
return-capillaries  unite,  forming  the  companion  vein  to  the 
artery. 

In  this  way  each  tubular  gland  lies  in  a  regular  nest  formed 
by  several  of  these  capillary  loops,  so  that  a  section  of  the  whole 
structure  shows  masses  of  capillaries  budded  off  from  a  central 
mass  of  capillaries  interdigitating  with  involutions  of  the 
glandular  epithelium. 

Fig.  3  is  a  rough  diagrammatic  representation  intended  to 
show  this  arrangement 

Coming  has  discriminated  between  arteries  and  veins  in  what 
we  have  usually  spoken  of  as  the  "capillary  masses."  This 
he  has  done  by  means  of  a  series  of  injections.     He  says — 

*'  Ich  machte  die  iDJektionen  der  Arterien  von  der  Badix  Aortsd 
aus;  die  der  Yenen  vom  Sinus  venosus  aus;  die  Praparate  stellten 
sich  kaam  verschieden  dar,  mit  dem  Unterschied  jedoch,  dassbei 
Injektion  von  der  Aorta  aus  die  arterien,  bei  deijenigen  vom 
Sinus  venosus  aus  die  Venen  praller  geflillt  und  folglich  dunkler 
gefarbet  erschienen.  Es  war  daher  leicht,  Venen  und  Arterien  zu 
unterscheiden." 

This  method  would  certainly  give  some  idea  of  the  distinction 
between  the  smallest  arterioles  and  smallest  ventiles,  but  we  are 
doubtful  whether  it  would  be  more  than  a  very  rough  method 
of  distinction,  that  it  wotdd  be,  in  any  given  case,  an  infallible 
test  as  to  whether  a  particular  small  vessel  were  to  be  called 
artery  or  vein.  Much  would  depend,  it  appears  to  us,  on  the 
strength  of  the  injecting  force.  However  this  may  be,  we  have 
failed  to  make  out  anything  in  the  minute  structure  which  would 
warrant  w  in  dividing  up  the  «  capiUaiT  masses  "  into  arterioles 
and  venules. 

Another  point  in  Ck)rning's  paper  which  requires  notice  is  in 
reference  to  the  internal  epithelium  of  the  swim-bladder.    We 
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have  already  shown  pretty  clearly  that  his  views  on  the  arrange- 
ment of  this  structure  are  at  variance  with  the  facts,  at  least  in 
all  the  species  we  have  examined,  but  a  word  remains  to  be  said 
on  lus  method: — 

"  Die  Anfiillung  der  Schwimmblasen  mit  chromessigsaure  war  tax 
ErhaltuDg  des  inneren  Epithelbelags  unbedingt  nothwendig."  Agau^ 
at  the  end  of  his  paper,  in  a  note  referring  to  Coggi's  work,  he  says, 
"  Doch  giebt  Coggi  nicht  an,  ob  er  die  Schwimmblasen  der  von  ihns 
untersuchten  Fische  mit  Alkohol  gefiillt  habe,  was  ich  zur  Elrhaltang 
des  inneren  Epithelbelags  fur  durchaus  nothwendig  erachte." 

It  is  by  no  means  clear  why  this  particular  process  should  be 
absolutely  necessary  in  order  to  retain  the  epithelium  in  its 
proper  condition.  It  is,  of  course,  a  very  usual  and  a  very  good 
plan  for  hollow  organs  in  general  In  many  of  our  preparations 
this  was,  however,  not  done,  and  yet  the  internal  epithelium, 
and  that  modification  of  it  we  have  described  as  constituting  the 
glands,  was  beautifully  shown. 

Moreover,  it  is  more  than  probable  that  this  method  of  dis- 
tending the  bladder  by  the  injecting  into  it  of  fluids  would 
seriously  modify  the  form  of  the  epithelium.  Chrom-acetic  acid 
is  said  to  be  admirably  calculated  not  to  cause  shrinkage,  but 
when  present  under  pressure  some  change  in  the  shape  of 
the  epithelium  cells  might  easily  occur.  Again,  is  it  not 
possible  that  this  fluid  thus  injected  might  have  precipitated 
the  mucoid  substance  secreted  by  the  tubular  glands?  The 
appearance  of  this,  when  stained,  might  possibly  have  been 
interpreted  by  Corning  as  a  flat  epithelium.  Since  this  secre- 
tion may  also  be  seen  blocking  up  the  lumina  of  the  glands,  it  is 
very  probable  that  this  may  have  caused  them  to  be  overlooked 
by  the  above  observer. 

In  Fierasfer  Emery  (6)  has  described  two  distinct  structnies, 
one  with  the  modified  epithelium,  and  one  without  it 

4.  Note  on  the  Functions  of  the  Eed  Glands. 

The  fact  that  the  red  glands  are  only  found  in  those  bladders 
which  are  devoid  of  a  ductus  pneumaticus  can  only  be  regarded  as 
significant  of  some  function  in  regard  to  variations  in  the  amount 
and  composition  of  the  gases  in  the  bladder  from  time  to  time. 

As  to  how  it  functionates  in  this  respect  nothing  definite 
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is  known.  But  we  cannot  believe,  from  a  careful  study  of 
its  microscopical  structure,  that  it  is  simply  concerned  with 
the  elimination  or  absorption  of  gasea  The  minute  anatomy, 
as  we  have  already  pointed  out,  is  such  as  we  are  accustomed 
to  associate  with  a  liquid  or  semi-solid  secretion.  If  its  func- 
tion had  sole  relation  to  gases,  we  should  expect  as  thin  an 
epithelium  as  possible  to  separate  the  blood  in  the  capillaries 
from  the  cavity  of  the  bladder ;  a  structure,  in  fact,  resembling 
that  of  the  pulmonary  alveolL 

In  all  the  species  we  have  examined  we  have  observed  what 
appeared  to  be  a  moist  film  of  secretion  covering  the  gland; 
and  in  a  particularly  large  and  quite  fresh  cod,  this  amounted 
to  a  copious  secretion  filling  up  the  irregularities  of  the  surface, 
and,  further,  forming  a  pool  at  one  extremity  of  the  organ.  This 
material  was  carefully  collected  and  examined  chemically.  It 
was  viscid  and  slimy,  and  of  an  opaque  milk-white  aspect. 
Under  the  microscope  no  cellular  elements  were  seen,  but  only 
indefinite  granules  and  globules. 

This  was  diluted  with  1  per  cent  sodium  bicarbonate, 
thoroughly  mixed,  slightly  acidified  with  dilute  acetic  acid, 
and  allowed  to  stand  for  twenty-four  hours,  when  a  white  pre- 
cipitate was  deposited,  which  might  be  mucin,  a  nucleo-proteid, 
or  possibly  alkali-albumin. 

A  small  portion  of  this  was  boiled  with  dilute  hydrochloric 
acid  for  two  minutes,  then  tested  for  a  reducing  sugar;  this 
gave  a  negative  result.  From  this  we  conclude  that  the  material 
did  not  contain  mucin. 

To  test  for  a  nucleo-proteid,  a  second  portion  of  the  above 
precipitate  was  digested  with  gastric  extract  (Parke,  Davis,  & 
Co.'s  aseptic  pepsin)  for  several  hours,  when  an  insoluble  residue, 
presumably  nuclein,  remained.  This  was  burnt,  oxidised  with 
strong  nitric  acid,  evaporated  nearly  to  dryness,  taken  up  with 
a  little  water,  and  warmed  with  ammonium,  molybdate.  A 
fairly  copious  bright  yellow  precipitate  indicated  the  presence  of 
a  considerable  amount  of  phosphates,  so  that  the  formerly 
obtained  insoluble  residue  was  almost  undoubtedly  nuclein ;  thus 
we  may  conclude  that  the  chief  ingredient  of  the  secretion  is  a 
nucleo-proteid. 

We  do  not  wish  to  lay  too  much  stress  on  the  results  of  a  single 
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experiment,  and  would  not  affirm  with  absolute  certainty  that 
there  is  no  mucin  in  the  secretion,  but  it  is  perhaps  worth 
noting  in  this  relation  that  no  goblet-cells  were  to  be  discovered 
in  any  of  our  sections.  Moreover,  the  tissue  does  not  stain 
after  the  manner  of  a  mucous  gland,  as  it  takes  the  stain 
more  deeply  than  these  do. 

As  to  whether  this  secretion  is  simply  a  lubricant,  having 
only  physical  effects,  or  whether  it  may  play  some  important 
part  in  the  secretion  or  absorption  of  the  gases,  we  must  leave 
an  open  question.  The  enormous  blood-supply  of  the  red-glands 
lends  some  support  to  the  latter  suggestion.  We  hope,  when 
opportunity  ofFers,  to  make  some  further  investigations  on  the 
nature  of  this  secretion. 

5.  Summary  and  Conclusions. 

1.  The  "  blood- vascular  organs  "  are  divided  into  two  groups. 
(1)  In  fishes  with  no  ductvspnemriaticus\  in  this  case  they  are 
true  glands,  (2)  In  fishes  which  possess  a  pneumatic  duct,  as  the 
eels ;  in  this  case  they  are  simply  masses  of  capillaries,  and  we 
may  retain  the  name  " red-todies''  ^  In  this  second  group  the 
"  red-bodies  "  are  covered  by  an  unmodified  continuation  of  the 
flat  epithelium  of  the  bladder.* 

2.  The  red  glands  consist  of  very  definite  glandrtubules. 

3.  These  tubular  glands  have  distinct  lumma, 

4.  They  secrete  a  dimy  svhstance  which  contains  a  nucUo-pro- 
teid,  and  so  far  as  we  can  make  out^  no  mudn, 

5.  Hie  internal  epithelium  of  the  smm-Uadder  does  not  pass 
unaltered  over  the  red  glands^  hut  becomes  mxidifled  to  form  the 
gland-tubules. 

^  In  fishes  with  a  pnenmatio  duct  there  is,  of  course,  as  a  role,  no  sach  "  red- 
body"  at  all ;  but  the  eel  is  a  type  of  a  fish  with  a  pneumatio  duct  and  a  Tasoular 
"red-body." 

^  Thus  the  apparent  anomaly  of  a  physoclistons  fish  possessing  structures  sup- 
posed to  be  characteristic  of  the  physostomi  is  explained  by  the  distinetioii  ve 
haye  made  above.    Mere  anatomical  investigation  is  here  very  misleading. 
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7.  EXPLANA-nON  OF  PLATE  IX. 

Ee/erenee  LeUen  common  to  Figures  1-4 :  art. — ^laige  artery ;  Ud,  c. 
— ^blood-corpuscle;  cap. — capiUary;  e. — epitheliam  el  ductos 
pnemnaticus ;  /. — ^fibrous  tissue ;  gtd,  e. — glandular  epithelium ; 
/. — ^lumen  of  tubular  glands ;  m. — mucinoid  secretion  of  tubular 
glands;  p. — pigment  layer  of  swim-bladder  wall;  p.r^. — ^peri- 
vascular lymphatic  space ;  wh^  e. — ^leucocyte. 

Fio.  1. — ^Vertical  section  through  a  nodule  of  the  red  gland  of  Molva 
vulgaris^  seen  under  a  magnifying  power  of  60  diam.  Drawn 
with  camera  lucida. 

This  drawing  is  not  in  the  least  diagrammatic,  and  shows  very 
clearly  the  manner  in  which  the  capillaries  from  the  capillary- 
mass  at  the  base  of  the  gland  interdigitate  with  the  infoldings  of 
the  glandular  epithelium,  which  may  thus  be  said  to  form  tubular 
glands.  The  nodule  is  seen  to  be  supported  at  the  sides  by  a  con- 
siderable amount  of  fibrous  tissue. 

Fig.  2. — Vertical  section  of  a  portion  of  red  gland  of  Gadvs  aegUfiwiu, 
Magnified  400  diam. 

^niis  section  gives  an  idea  of  the  glandular  look  of  the  epithelial 
cells,  showing  their  transverse  markings  and  granular  aspect ;  the 
structure  is  very  similar  to  that  depicted  in  fig.  1. 

Fig.  3. — Diagram  of  arrangement  of  vessels  with  regard  to  the  tubular 
glands  in  fishes  with  no  ductus  pneumaticus.  This  corresponds 
with  the  description  given  on  page  552. 

Fio.  4. — ^Transverse  section  of  part  of  the  dueiiis  pneumatietis  of 
Anguilla  anguilla.  Drawn  with  camera  lucida;  magnifying 
power  50  diam. 

This  drawing  shows  the  fibrous  and  pigment  layers  of  the  swim- 
bladder,  inclosing  masses  of  capillaries  over  which  passes  the  un- 
modified epithelium  lining  the  duct. 

Fig.  5. — ^Red  gland  of  Gadus  morrhua:  a, — posterior  part  of  red 
gland ;  b, — ^its  yellow  margin ;  c. — swim-bladder ;  rf. — vessel 

Fig.  6. — ^Red  glands  of  Zeus  faber:  1.  wall  of  swim-bladder;  2. 
red  gland,  with  3.  its  yellowish  border;  4.  point  of  origin  of 
vessels,  5. 

Fig.  7. — Bed  gland  of  Trtgla  pint :  1.  ant.  end  of  red  gland ;  2. 
yellowish  margin  of  red  gland;  3.  wall  of  swim^bladder;  4. 
accessory  glands. 

Fig.  8. — ^Eed  bodies  of  Anguilla  anguiUa:  1.  chief  ''red-bodies"; 
2.  two  blood-vessels;  3.  opening  of  ductus  pneumaticus;  4. 
ductus  pneumaticus^  faintly  seen. 
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OF  THE  SHEEP.  B7  .Gordon  Sharp,  M.B.  Edin.,  late 
Besearch  SiuderU  in  Pharmacology  in  the  Owens  College^ 
Victoria  University, 

This  tumour,  although  intimately  attached  to  the  colon  of  a 
healthy  sheep,  in  no  way  narrowed  the  lumen.  In  order  to  get 
the  clearest  idea  of  the  relationship  of  bowel  and  tumour  to  each 
other,  all  except  about  nine  inches  of  the  alimentary  tract  was 
cut  away,  one  of  the  cut  ends  was  tied,  the  bowel  inflated,  and 
the  other  end  tied.  The  position  of  the  tumour  and  its  general 
appearance  could  then  be  well  seen.  The  animal  was  healthy^ 
and  the  tumour  a,s  it  lay  in  the  belly  was  covered  with  masses 
of  fat.  When  removed  from  the  body  it  was  stripped  of  the 
surrounding  fat,  and  it  was  then  found  to  be  a  round,  white, 
opaque  swelling,  evidently  containing  a  semi-fluid  body.  The 
circumference,  devoid  of  the  encircling  fat,  was  twelve  inches. 

When  cut  into,  the  sac  was  found  to  have  a  thickness  of  one- 
eighth  of  an  inch,  and  was  tough  in  texture.  The  contents  of 
the  tumour  were  (1)  a  thin,  film-like,  whitish  membrane,  dividing 
the  cavity  into  spaces ;  (2)  a  tenacious,  fluid-like  body,  opaque 
in  appearance.  The  film-Uke  membrane  was,  after  staining 
with  picrocarmine  solution  and  mounting  in  Farrant's  solution, 
examined  by  the  microscope,  and  was  seen  to  be  made  up  of 
branching  filaments  and  small  round  cells.  The  contents  of  the 
tumour  contained  sodium  chloride,  became  more  tenacious  on 
boiling,  and  when  exposed  to  the  air  set  into  a  firm  jelly.  Ex- 
amined by  the  microscope,  cells  and  their  remains  and  filaments 
were  found,  but  nothing  else  of  importance.  A  section  of  the 
wall  of  the  tumour  was  cut  and  examined,  and  had  a  structure 
as  follows :  In  some  parte  the  tissue  is  made  up  of  a  compact 
fibrous  mass,  while  in  other  parts  branching  filaments  are  seen, 
showing  a  loose  texture,  with  spaces  containing  a  structureless 
material.  This  second  condition  is  most  likely  the  more  primitive, 
and  points  to  the  life  history  of  the  sac.    Starting  with  a  small 
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myxomatoiifl  mass  attached  to  the  bowel,  and  originating  from  the 
remains  of  a  primitive  tissue,  we  find  the  tumonr  getting  larger 
and  larger  within  its  walls.  The  walls,  instead  of  giving  way  as 
so  often  happens  in  myxomatous  growths,  become  thickened  and 
stretch  out,  accommodating  themselves  to  the  increasing  quantity 
of  contents. 

As  already  mentioned,  the  tumour  was  divided  into  spaces 
by  a  thin  membrane  containing  small  round  cells.  This  is 
important,  for  it  points  to  the  very  close  relationship  existing 
between  myxoma  and  sarcoma.  Had  the  collection  of  round 
cells  gone  on  increasing  in  great  numbers,  so  as  to  be  relatively 
the  larger  element  present,  we  should  have  had  a  sarcoma  in 
place  of  a  myxoma.  Thus  the  dividing  line  between  a  simple 
and  a  malignant  growth  is  not  as  wide  as  we  are  sometimes  led 
to  believe.  The  factor  which  decides  would  appear  to  be  often 
the  stimulating  agent  which  is  at  work. 

Myxomatous  growths  of  small  size  are  not  uncommon  in  sheep, 
but  of  the  large  size  of  the  present  case  very  rare.  They  origi- 
nate from  the  embryonic  tissue  of  the  peritoneum  and  intestinal 
walls.  Another  rare  feature  in  this  tumour  is  the  thickness  of 
the  walls,  for  as  a  rule  the  walls  are  very  thin.  The  comparative 
pathology  of  new  growths  in  the  abdomen  is  interesting.  Start- 
ing with  the  sheep,  we  have  a  fairly  highly  specialised  animal  in 
which  myxomatous  tumours  are  common.  If  we  allow  that  the 
horse  occupies  a  higher  place,  we  have  a  dififerent  set  of  tumours 
of  common  occurrence,  namely,  the  sarcomatous ;  melanotic  sar- 
coma being  largely  found  in  that  animal. 

Lastly,  coming  to  man,  the  most  highly  specialised  of  all 
animals,  we  have,  as  the  commonest  abdominal  new  growths,  the 
cancers,  and  differing  much  from  both  myxoma  and  sarcoma. 
The  cancers  are  intimately  associated  with  the  bowel,  and  may 
kill  by  occluding  the  cavity,  really  starving  the  unhappy 
possessor.  Their  tendency  is  to  kill  their  victims.  Sarcomata, 
on  the  other  hand,  are  not  so  closely  connected  with  the  bowel, 
being  growths  from  the  intestinal  appendages,  and  although 
malignant,  are  not  so  fatal  in  their  effects  as  the  common  growths 
found  in  the  human  subject.  Lastly,  the  myxomata  have  no 
intimate  connection  with  the  bowel  proper,  being  growths  from 
the  neighbouring  embryonic  tissue,  and  in  their  effects  th^  aie 
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benign,  causing  inconvenience  by  their  size  rather  than  by  con- 
stitutional disturbance.  As  one  goes  up  the  scale,  malignancy 
increases. 

Primary  myxoma  is  rare  in  man,  but  on  the  umbilical  cord  at 
birth  one  sees  very  similar  growths  to  those  found  in  the  sheep 
— ^in  fact,  the  resemblance  is  as  close  as  can  well  be.  In  the  nose, 
too,  we  find  the  mucous  polyp  in  young  adults  and  at  other  ages. 
And  this  polyp  sometimes  develops  into  true  sarcoma,  showing 
how  close  the  relationship  between  the  two. 

Secondaiy  myxoma  is  common  in  the  human  being.  Here  it  is 
a  degenerative  process — a  reversion  to  an  ancestral  tissue.  It  is 
Nature's  eflFort  to  free  herself  of  an  unwelcome  guest — an  efifort 
to  change  a  malignant  into  a  non-malignant  growth ;  or  in  the 
case  of  a  large  simple  tumour,  such  as  a  fatty  growth,  an  effort 
is  made  to  change  it  into  an  absorbable  substance,  namely, 
mucus.  In  considering  the  very  wide  and  very  diflBcult  question 
of  the  treatment  of  malignant  new  growths,  we  have  herein  a 
hint  which  should  not  be  let  pass  unheeded. 
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A  COMPARISON  OF  THE  ANOMALOUS  PARTS  OF 
TWO  SUBJECTS.  THE  ONE  WITH  A  CERVICAL 
RIB,  THE  OTHER  WITH  A  RUDIMENTARY  FIRST 
RIK  By  Lewis  E.  Hebtslet,  Student  of  Medicine. 
With  Notes  on  the  Cases,  by  Akthub  Keith,  M.D-, 
DemondraUyr  of  Anaiamyy  London  Hospital  Medioal  College. 

The  fiist  case  (Case  A)  is  that  of  an  ordinary  seventh  cervical  rib, 
the  subject  being  a  small  and  ill-developed  woman,  aged  about 
60 ;  the  rib  appears  on  both  sides,  that  on  the  right  being  a 
little  the  longer. 

There  is  nothiog  extraordinary  about  this  case,  but  it  is  inter- 
esting from  its  similarity  to  the  second 

Case  B,  which  presents  the  rare  abnormality  of  a  rudimentary 
first  dorsal  rib,  is  of  rather  more  than  ordinary  interest. 

The  rib  on  both  sides,  which  articulates  with  the  body  and 
transverse  processes  of  the  8th  vertebra,  does  not  extend  as  far 
as  the  stemimi  in  front,  but  has  a  pointed  extremity  about  5  or 
6  C.C.  from  the  upper  angle  of  the  sternum. 

This  subject  was  a  male  about  35  or  40  years  of  age,  and 
from  his  appearance  was  probably  of  Magyar  origin.  He  died 
from  tuberculosis  of  the  lumbar  vertebrs& 

On  comparii^  these  two  cases  in  the  following  tabular  form, 
it  at  once  becomes  evident  that  there  is  very  little  difference  in 
the  arrangement  of  the  abnormal  parts  of  the  two  subjects,  except, 
of  course,  that  in  Case  A  the  rudimentary  rib  is  placed  one 
vertebra  higher  up. 

Case  B  possesses  three  other  rather  important  abnormaUties : 
they  are : — 

(1)  A  stemo-scapular  muscle,  which  represents  the  subclanii% 
being  inserted  into  the  upper  border  of  the  scapula,  over  the 
supra-scapular  notch,  the  outer  end  of  the  clavicle,  and  the 
trapezoid  ligament ;  it  appeared  on  both  sides. 

(2)  The  styloid  ligament  on  the  right  side  is  ossified,  and 
from  it  a  small  muscle,   probably  a   segmentation  of  stylo- 
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phaTyngeus,  takes  origin,  and  is  inserted  into  the  great  faorns 
of  the  hyoid  bone,  and  also  into  the  deep  cervical  fascia. 

(3)  The  levator  anguliBCapuUearisea  with  the  scalenus  medins 
from  the  transverse  processes  of  the  Ist,  2nd,  3rd,  and  4th 
cervical  vertebrae,  but  the  slip  taking  origin  from  the  3rd  is 


(Bight  Bide  of  Cue  B.)  (Left  uds  of  Case  A.} 

abnormal,  and  is  inserted  into  the  upper  border  of  the  2nd  rib, 
at  its  angle,  on  a  level  with  the  insertion  of  the  serratus  posticus 
superior. 

NOTKS. 

Esther  the  6th,  7tb,  or  8tb  segments  of  the  body  may  carry 
rudimentary  ribs;  the  6th  very  rarely,  the  7th  (of  which  Case 
A  is  an  example)  frequently ;  the  8th  (which  Case  B  exemplifieB) 
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80  rarely  that  this  was  the  fifth  case  that  had  been  recorded  in 
Britain. 

Helm,  who  had  dealt  exhaustively  with  this  anomaly,  and 
given  full  references  to  its  literature  {Anat,  Anz,^  1895,  B.  x., 
p.  540-554),  had  been  able  to  collect  only  sixteen  recorded  cases 
in  the  anatomical  literature  of  the  last  twenty-five  years. 

It  is  remarkable  that  Zuckerkandl  had  found  this  anomaly 
four  times  in  sixty  Austrian  subjects ;  Struthers  had  observed 
another  specimen  in  an  anatomical  collection  in  Vienna,  and 
before  discovering  a  rudimentary  first  rib  in  Case  B,  the  sub- 
ject had  been  set  down  as  a  Magyar.  It  will  probably  be 
found  that  the  frequency  of  this  variation  is  a  characteristic 
of  the  Magyars. 

The  opinions  held  as  to  the  nature  of  rudimentary  cervical 
and  thoracic  ribs  are  of  some  interest. 

Wiedersheim,  in  his  Bau  des  Menschen  (of  which  there  is  an 
English  translation,  edited  by  Professor  Howes),  r^ards  the 
occurrence  of  cervical  ribs  as  an  atavism,  of  rudimentary  first 
dorsal  ribs  as  a  progressive  variation,  so  that  in  Case  A  we  see 
what  we  have  been,  and  in  Case  B  we  see  what  we  shall  be. 

It  has  still  to  be  shown,  however,  that  the  first  rib,  in  its 
most  fully  developed  form,  is  not  the  fittest  arrangement  of 
parts  for  the  human  race. 

Arbuthnot  Lane  (Joum.  of  Awd.  wad  PAy«.,  1886,  vol.  xx.  p. 
392)  regards  rudimentary  first  dorsal  as  cervical  ribs,  holding 
that  there  is  in  such  cases  an  extra  vertebra  intercalated  in  the 
cervical  series ;  so  that,  according  to  this  author.  Cases  A  and  B 
are  exactly  similar,  except  that  there  is  an  extra  and  abnormal 
vertebra  present  in  Case  B. 

An  extra  vertebra  may  come  to  be  present  by  the  subdivision 
of  a  normal  segment,  for  partial  segmentation  of  vertebrae  and 
ribs  into  two  is  occasionally  found;  but  the  arrangement  of 
nerves,  arteries,  muscles,  and  bones  found  in  the  cases  recorded 
above,  coimtenances  neither  this  nor  Arbuthnot  Lane's  theory. 

In  the  language  of  Bateson  (Materials  for  Variation),  Cases  A 
and  B  may  be  said  to  exemplify  forward  and  backward  meruiic 
variations  of  a  homoBotic  nature ;  that  is  to  say,  in  Case  A  there 
is  a  transference  forwards  of  some  of  the  characters  of  the  8th 
segment  to  the  7  th,  while  in  Case  B  there  is  a  transference 
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backwards  of  some  of  the  characters  of  the  8th  to  the  9th 
segment. 

Looking  at  these  two  specimens,  there  can  be  no  doubt  what- 
ever that  the  costal  characters  of  the  7th  segment  of  Case  A 
have  been  ahnost  exactly  reproduced  in  the  8th  segment  of 
CaseB. 

Perhaps  the  most  useful  manner  of  viewing  variations  of  the 
cervical  and  dorsal  ribs  is  to  regard  them  as  examples  of  what 
Galton  would  call  deviations  from  the  law  of  averages ;  that  is 
to  say,  a  fully  developed  rib  on  the  8th  segment  is  the  bull's- 
eye  of  the  developmental  energy,  but  its  target  extends  from 
the  6th  to  the  9th  segment. 
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ANOTHER  HEAET  WITH  MODEEATOR  BAND  IN  THE 
LEFT  VENTRICLE  By  Professor  Sir  William  Turnkb, 
F.RS. 

In  February  1893  I  exhibited  and  described  to  the  Anatomical 
Society^  a  human  heart,  in  the  left  ventricle  of  which  three 
slender  bands  passed  from  the  septal  wall  across  the  cavity  to 
the  posterior  wall  of  the  ventricle.  From  their  attachments  they 
would  doubtless  have  exercised  during  life  a  moderatii^  influence 
over  distension  of  the  left  ventricle. 

I  have  now  before  me  another  human  heart,  in  the  left  ven- 
tricle of  which  a  slender  moderator  band,  38  mm.  long,  arose  by 
a  conical  muscular  base,  9  mm.  in  greatest  diameter,  from  the 
anterior  or  septal  wall.  It  passed  directly  across  the  cavity,  to 
be  attached  to  the  posterior  wall  by  a  conical  muscular  base,  10 
mm.  in  greatest  diameter*  This  attachment  was  in  immediate 
relation  with  the  origin  of  the  large  papillary  muscle,  which  arose 
close  to  the  left  border  of  the  ventricular  walL  The  septal  base 
of  the  band  was  smooth  and  not  subdivided,  but  the  posterior 
base  W6U3  broken  up  into  slender  columnse  carneae.  Hie  baud 
itself  was  about  half  a  millimetre  wide  at  its  slenderest  part,  and 
consisted  there  of  a  fine  fasciculus  of  muscular  fibre,  invested  by 
endocardium. 

The  posterior  wall  of  the  ventricle  was  broken  up  in  the  usual 
manner  into  columnse  camese,  and  gave  origin  at  its  margins  to 
two  large  papillary  muscles.  The  anterior  septal  wall,  on  the 
other  hand,  presented  an  extensive  smooth  unbroken  surhce, 
extending  upwards  into  the  aortic  vestibule ;  but  for  from  3  to 
4  centimetres  above  the  apex  slender  columnse  camese  were 
present  in  it.  The  septal  origin  of  the  moderator  band  was 
from  near  the  lower  part  of  the  smooth  area.  The  attachments 
of  this  band  to  opposite  walls  of  the  ventricular  chamber  would 
without  doubt  enable  it  to  exercise  a  moderating  influence  on  the 
dilatation  of  the  cavity. 

^"See  Proceedings  of  the  Society  of  that  date,  and  Jimrnai  of  Anaiomy  «»i 
Physiology y  vol.  xxyiL,  February  1893,  p.  ziz. 
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I  think  it  not  unlikely  that  a  similar  moderator  band  may 
occur  in  the  left  ventricle  more  frequently  than  we  at  present 
suppose  to  be  the  case.  The  mode  of  opening  the  left  ventricle 
commonly  followed,  viz.,  to  transfix  it  at  the  base  with  the  knife, 
and  cut  downwards  to  the  apex,  would  necessarily  divide  the 
band  and  interfere  with  its  recognition.  In  both  the  hearts  in 
which  I  have  seen  this  band  the  walls  were  not  transfixed  with 
the  knife,  but  were  carefully  cut  through  near  the  anterior  and 
posterior  inter- ventricular  grooves. 

A  distinct  fleshy  moderator  band,  possessing  the  usual  attach- 
ments, was  present  in  the  right  ventricle.  In  this  specimen,  as 
in  the  heart  described  in  1893,  a  considerable  area,  extending 
beyond  the  infundibulum  properly  so  called,  was  smooth,  and 
without  columnse  camea. 
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ABNOEMALITIES  OF  MUSCLES,  NEEVES,  HEAKT, 
VESSELS,  AND  LIGAMENTS,  RECENTLY  OBSEEVED 
IN  THE  PRACTICAL  ANATOMY  ROOMS  OF  THE 
UNIVERSITY  OF  EDINBURGH.  By  David  Hbpbubn, 
M.D.,  CM.,  F.RS.  Edin.,  Lecturer  on  Begionai  Aiuxtoniy. 

Thb  following  observations  are  selected  from  my  note-book,  not 
because  the  abnormalities  described  are  in  every  instance  entirely 
novel,  bat  because  they  are  of  sufficient  interest  or  variety  to 
entitle  them  to  re-description,  even  where  their  occurrence  has 
already  been  recorded. 

I. — Abnormauties  of  Muscles. 

1.  Muscular  dip  from  the  Latissimus  dorsi  muscU  to  the 

Coracoid  process  of  the  Scapula. 

This  slip  of  muscle,  which  was  fan-shaped  in  appearance,  arose 
by  fleshy  fibres  from  the  anterior  surface  of  the  latissimus  dorsi, 
near  to  its  tendon  of  insertion.  Passing  upwards  and  outwards,  it 
terminated  in  a  fine  tendon  which  was  inserted  into  the  tip  of 
the  coracoid  process,  between  the  origin  of  the  coraco-brachialis 
and  the  insertion  of  the  pectoralis  minor.  From  the  outer  side 
of  the  tendon  a  fiat  fibrous  prolongation  was  given  off.  This 
process  w£»  supposed  to  have  joined  the  deep  fascia  of  the  upper 
arm,  but  it  had  been  cut  before  its  exact  ending  could  be  deter- 
mined. A  nerve  of  considerable  size,  and  derived  from  the 
internal  anterior  thoracic,  supplied  the  muscle  in  question. 

This  muscular  sHp  presents  one  of  the  rarer  forms  of  axUlary 
arch,  and  is  no  doubt  a  variety  of  the  costo-coracoideus  muscle, 
although  by  some  observers  all  axillary  arches  are  r^arded 
as  remnants  of  the  panniculvs  camosus. 

2.  Insertion  of  the  Third  Lumbrical  Musde  in  association 

with  the  Middle  Digit. 

In  this  case  the  origin  of  the  muscle  was,  as  is  usual,  frcxn 
the  contiguous  sides  of  the  second  and  third  tendons  of  the 
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flexor  profundus  digitorum,  but  very  feebly  from  the  latter 
tendon.  It  was  inserted  into  the  ulnar  border  of  the  common 
extensor  tendon  on  the  dorsum  of  the  first  phalanx  of  the  medius 
digit.  Thus  the  second  and  third  lumbrical  muscles  were  in- 
serted into  opposite  borders  of  the  same  extensor  tendon.  The 
median  nerve  supplied  the  first  and  second  lumbricals,  while 
the  third  and  fourth  lumbricals  were  innervated  from  the  pro- 
funda branch  of  the  ulnar  nerve.  Macalister  ^  and  Wood  have 
recorded  instances  of  this  variety. 

2cL  Abnormal  Origin  for  the  First  I/umibrical  Mtbsde, 

This  muscle  possessed  two  heads  of  origin,  of  which  one  was 
normal,  being  attached  to  the  radial  side  of  the  index  tendon  of 
the  flexor  profundus  digitorum.  The  abnormal  head  arose  in 
the  fore-arm  by  a  slender  tendon  attached  to  the  deep  surface 
of  the  flexor  sublimis  digitorum.  This  tendon  passed  down- 
wards from  the  fore-arm  along  with  the  ordinary  structures  which 
travel  behind  the  anterior  annular  ligament  of  the  carpus. 
Subjacent  to  this  ligament  the  tendon  developed  a  muscular 
belly,  which  extended  two  inches  in  length,  and  had  the  pro- 
portions of  an  ordinary  lumbrical  muscle.  In  the  palm  this 
slip  joined  the  normal  head  of  the  first  lumbrical,  which,  as 
regards  its  insertion  and  its  nerve  supply,  conformed  to  normal 
conditions.  A  modification  of  this  variation  stands  first  in 
the  list  which  Professor  Macalister  gives  in  his  Catalogue. 

3.  Unuswd  insertion  of  the  Semirmembranosus, 

This  irregularity  was  found  in  one  limb  of  a  female  subject 
whose  muscular  system  was  extremely  well  developed.  At  first 
the  dissectors  imagined  that  the  semi-membranosus  muscle  was 
absent,  but  this  was  not  the  case.  The  tendon  of  origin  was 
very  thin,  and  fascial  rather  than  membranous,  but  it  occupied 
a  fine  line  of  attachment  on  its  normal  facet  on  the  ischial 
tuberosity,  and  presented  a  normal  relationship  to  the  combined 
tendon  of  origin  of  the  biceps  and  semi-teudinosus  muscles. 
From  this  thin  origin  a  tendon,  more  slender  than  a  plantaris 

^  Macalister,  CaJUUogue  ofMuwuUvr  Anomalies^ 
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tendon,  paased  downwards  and  invrards,  quite  devoid  of  muscular 
fibres,  for  a  distance  of  six  inches.  Then  muscular  substance 
commenced  abruptly  forming  a  flat  strap  half-an-inch  in  width, 
and  fully  four  inches  in  length.  This  muscular  belly  ended  in 
a  flat  membranous  tendon,  which  ran  forwards  superficial  to  the 
rounded  tendon  of  the  adductor  magnus,  in  front  of  which  it 
fused  with  the  deep  fascia  of  the  thigh  subjacent  to  the  adductor 
gracilis  and  sartorius  muscles.  No  other  insertion  was  present 
There  was  no  groove  on  the  inner  tuberosity  of  the  tibia.  The 
posterior  ligament  of  the  knee-joint  was  complete,  but  remark- 
ably thin.  The  rounded  tendon  of  the  adductor  magnus  was 
distinctly  prolonged  beyond  its  femoral  insertion,  and  was  in 
direct  continuity  with  the  internal  lateral  ligament  of  the  knee- 
joint.  Consequently,  the  upper  end  of  the  internal  lateral 
ligament  was  attached  to  the  internal  condyle  of  the  femur, 
in  close  proximity  to  the  adductor  tubercle ;  while  inferiorly  the 
ligament  was  more  than  usually  expanded,  and  was  attached  to  the 
inner  and  hinder  aspect  of  the  head  of  the  tibia  as  well  as  to  the 
inner  and  upper  aspect  of  the  tibial  shaft.  None  of  the  adjoining 
muscles  appeared  above  average  size.  The  rare  nature  of  this 
variation  is  evident,  since  it  diflfers  from  those  recorded  in 
Professor  Macalister's  Catalogue,  and  is  not  referred  to  in 
Quain's  Anatomy.  In  one  of  the  cases  referred  to  by  Professor 
Macalister,  the  muscle  was  reduced  to  a  tendon  whose  inferior 
attachment  was  into  the  internal  condyle  of  the  femur.  Sir 
William  Turner  ^  has  also  recorded  a  similar  rudimentary  con- 
dition of  this  muscle.  These  two  cases  most  nearly  resemble 
the  one  I  have  recorded,  but  they  difier  from  it  both  as  regards 
insertion  and  the  absence  of  muscular  fibres. 

4.  Additional  origin  for  the  Hiacus  Musde. 

A  strong  tendinous  slip,  as  large  as  the  combined  heads  of  origin 
of  the  rectus  femoris  muscle,  arose  from  the  dorsum  ilii,  immedi- 
ately below  and  external  to  the  anterior  inferior  iliac  spine,  and 
from  the  capsule  of  the  hip-joint  internal  to  the  reflected  tendon 
of  the  rectus  femoris.  The  muscular  fibres  from  this  origin  passed 
behind  the  rectus  femoris,  and  blended  at  once  with  the  iliacus 

^  Jour,  of  Anat.  and  Phys,,  toL  zviiL  p.  463. 
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muscle  as  it  emerged  from  behind  Poupart's  ligament.  Thus 
augmented,  the  iliacus  muscle  proceeded  to  its  usual  insertion. 

This  variation  differs  considerably  from  that  which  is  recorded 
by  Quain  ^  imder  the  term  Hiacus  minor  or  IlichcajmUaris,  and 
which  "  arises  from  the  anterior  inferior  spine  of  the  ilium,  and 
is  inserted  into  the  lower  part  of  the  anterior  inter-trochanteric 
line  of  the  femur,  or  into  the  ilio-femoral  ligament." 

On  the  other  hand,  it  presents  some  points  of  resemblance  to 
an  origin  which  I  have  described  in  connection  with  the  iliacus 
muscle  of  the  Gibbon^  (Hylobates),  in  which  part  of  the 
muscle  arose  from  the  outer  side  of  the  tendon  of  origin  of  the 
rectus  femoris. 

Kohlbriigge^  has  noted  a  similar  origin  in  his  work  on  the 
genus  Hylobates.  At  the  same  time  it  should  be  mentioned 
that  the  rectus  femoris  muscle  of  the  Gibbon  does  not  possess 
a  reflected  tendon  of  origin,  whereas  both  heads  of  the  rectus 
femoris  were  present  in  association  with  the  abnormality  under 
consideration. 

5.  In  the  right  foot  of  a  subject  from  which  the  peronevs  ter- 
tills  muscle  was  entirely  atvanting,  the  peroneus  brevis  presented 
the  following  modifications  of  its  tendon  of  insertion.  The 
tendon  divided  into  three  portions,  which  were  attached  as 
follows : — 

(a)  A  small  slip  was  inserted  into  the  projecting  tubercle  on  the 

base  of  the  5th  metatarsal  bone. 
(j3)  A  slip,  much  smaller  than  the  preceding,  was  prolonged  on 

the  dorsal  aspect  of  the  5th  metatarsal  bone,  to  join  the 

common  extensor  tendon  on  the  dorsum  of  the  5th  toe ; 
(y)  The  great  bulk  of  the  tendon  was  inserted  into  the  dorsal 

aspect  of  the  tubercle  of  the  5th  metatarsal  bone. 

Coincident  with  these  variations,  the  ahdttdor  minimi  digiti 
of  the  same  foot   presented  an  important  insertion  into  the 

^  Qnain'B  ^no^omy,  vol.  iL  pt.  2,  10th  ed.,  p.  245. 

'  Hepburn,  "  The  Comparatiye  Anatomy  of  the  Muscles  and  Nerves  of  the 
Superior  and  Inferior  Extremities  of  the  Anthropoid  Apes,"  Jowr,  of  Anat,  amd 
Phys.,  vol.  zzvi 

*  Kohlbriigge,  AncU.  dea  Genus  EylobcUes,  1890  (Dr  Max  Weber,  Amsterdam}. 
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proxinial  end  of  the  tubercle  at  the  baae  of  the  5th  metatarsal 
bone,  in  conjnnction  with  the  slip  ^ a"  of  the  peroneus  brevk 

With  r^ard  to  the  penmens  brevis,  the  main  portion  of  its 
insertion  into  the  dorsum  of  the  5th  metatarsal  bone  at  the 
base  is  most  uncommon.  The  significance  of  this  insertion  is 
not  quite  dear,  althou^  to  some  extent  it  may  have  acted  as  a 
compensation  for  the  absence  of  peroneus  tertius.  The  smallest 
slip  (which  joined  the  common  extensor  tendon  to  the  5th  toe) 
is  representative  of  the  peronew  qwinti  digiii^  while  the  promi- 
nence of  the  abdudor  asaia  metaiarsi  quirUi  may  have  had 
reference  to  the  small  size  of  the  slip  which  occupied  the  tme 
insertion  of  peroneus  brevis. 

6.  The  following  irregularities  were  noted  in  the  feet  of  a 
subject  prepared  for  anatomical  demonstrations: — 

(a)  The  Flexob  brkvis  DiGrrOBUH  muscle  sent  no  tendon  to  the 
5th  digit  in  either  foot 

{b)  The  Flexor  aocessorius  muscle  of  the  right  foot  sent  a 
strong  tendon  forwards,  subjacent  to  the  two  innermost 
tendons  of  the  flexor  longus  digitorum,  to  be  inserted  into 
the  metatarsal  ligament  on  the  plantar  aspect  of  the  head 
of  the  3rd  metatarsal  bone.  Another  tendon,  very  much 
smaller  in  size,  and  carrying  a  few  muscular  fibres  from 
the  accessorius,  was  continued  forwards,  and  inserted  into 
the  plantar  aspect  and  tibial  side  of  the  base  of  the  first 
phalanx  of  the  little  toe.  In  the  left  foot,  a  slender  muscular 
slip  arose  from  the  outer  lx)rder  of  the  flexor  accessorius, 
and  terminated  ux  a  fine  tendon  which  joined  the  tendon  of 
the  flexor  longus  digitorum  proceeding  to  the  little  toa 

In  the  same  subject,  only  the  innermost  lumhriccil  muscU  was 
present  on  each  foot,  while  the  three  outer  muscles  were  absent 
In  each  case  the  nerve  supply  of  the  muscle  which  remained 
was  derived  from  the  second  digital  branch  of  the  internal 
plantar  nerve. 

7.  Musculus  stemalis. 

In  an  aged  female  subject,  a  well  developed  specimen  of  this 
muscle  was  found  on  one  side  only,  namely,  the  left    At  its 
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lower  end,  tendiaous  fibres  blended  with  the  aponeurosis  of  the 
obliquus  extemus  abdominis,  below  the  sixth  costal  cartilage, 
while  others  were  very  definitely  attached  to  the  fifth  oostal 
cartilage.  As  the  muscle  was  traced  upwards  it  lay  anterior  to 
the  sternal  ends  of  the  costal  cartilages,  from  the  second  to  the 
sixth  inclusiye,  and  attained  a  maximum  width  of  15  mm.  At 
its  upper  end  it  presented  the  following  very  definite  tendinous 
attachments:  (1)  a  strong  slip  ran  almost  vertically  upwards, 
and  blended  with  the  sternal  origin  of  the  stemo-mastoid  muscle 
of  the  same  side ;  (2)  two  slips  (one  of  which  was  very  delicate) 
crossed  obliquely  in  front  of  the  manubrium  stemi,  and  fused 
with  the  sternal  origin  of  the  opposite  stemo-mastoid;  (3)  a 
short  strong  slip  was  attached  to  the  anterior  surface  of  the 
manubrium  sternL  The  two  stemo-mastoid  tendons  were  con- 
nected with  each  other  by  a  tendinous  band  which  crossed  the 
supra-sternal  notch. 

The  relationship  of  the  anterior  cutaneous  terminations  of  the 
intercostal  nerves  to  the  sternalis  muscle  were  as  follows: — 
No.  1  emerged  between  the  two  tendinous  slips  which  crossed  to 
the  opposite  stemo-mastoid;  Nos.  2  to  6,  inclusive,  appeared 
internal  to  the  sternalis  muscle ;  Nos.  7  and  8  pierced  the  in- 
ferior tendinous  expansion  of  the  muscle.  After  their  emergence 
the  whole  of  these  nerves  turned  outwards,  superficial  to  the 
sternalis  muscle,  and  a  fine  filament  from  No.  6  entered  the 
anterior  surface  of  the  muscle  close  to  the  inferior  tendon.  On 
examining  the  deep  surface  of  the  muscle,  the  following  observa- 
tions were  made :  (1)  several  fine  filamentous  tendons,  continuous 
with  muscular  fascicuH  of  the  pectoralis  major,  ran  into  and 
blended  with  the  sternalis;  (2)  a  strong  nerve-twig  from  the 
third  intercostal  nerve  entered  immediately  into  the  deep  aspect 
of  the  sternalis. 

There  is  no  doubt  whatever  that  the  two  nerves  above 
described  (No.  3  and  No.  6)  supplied  the  muscle,  but  from 
their  size  they  were  clearly  insufSicient  for  this  purpose. 
Another  and  much  larger  nerve  was  seen  to  arise  by  two 
roots, — one  from  the  anterior  division  of  the  wyper  trvmk  of 
the  brachial  plexus,  and  the  other  from  the  anterior  division 
of  the  middle  trunk  of  the  same  plexus.  This  nerve  descended 
downwards  and  forwards,  following  very  closely  the  line  of  the 
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third  rib ;  and  having  pierced  the  pectoialis  major,  it  was  traced 
to  within  half-an-inch  of  the  outer  border  of  the  stemalis  mnacle, 
where  its  large  size  and  its  blunt  end  showed  quite  conclusively 
that  it  had  been  accidentally  cut  by  the  dissectors  who  were 
removing  the  deep  fascia  from  the  pectoralis  major.  As  it  lay 
on  the  surface  of  the  pectoralis  major,  one  would  have  expected 
to  be  able  to  follow  it  quite  easily  for  several  inches  further,  bat 
at  the  same  time  nothing  was  found  which  could  be  r^arded 
as  the  continuation  of  this  nerve. 

So  much  has  already  been  written,  and  so  much  diversity  of 
opinion  exists  r^arding  the  true  homology  of  the  stemalis 
muscle,  that  it  is  scarcely  necessary  to  do  more  than  record  the 
foregoing  facts,  and  leave  them  to  speak  for  themselves.  There 
is  no  doubt  that — in  the  present  case — this  muscle  was  supplied, 
at  least  in  part,  by  the  third  and  sixth  intercostal  nerves ;  there 
is  a  supposition  that  it  may  also  have  received  one  of  the  anterior 
thoracic  nerves,  which  in  its  origin  was  an  extemeU  anterior 
thoracic  nerve.  No  doubt  there  is  a  large  body  of  evidence, 
based  on  the  value  of  nerve  supply,  which  points  to  the  stemalis 
muscle  being  a  rotated  portion  of  the  pectoralis  major,  but  the 
occurrence  of  an  intercostal  nerve  supply  cannot  be  disr^arded, 
although  it  be  less  frequent  than  the  other,  and  it  is  quite 
possible  that  the  sternalis  may  not  in  every  instance  represent 
the  same  supposed  homology.  It  may  even  in  some  cases 
represent  more  than  one  source  of  muscular  fibres.^ 

II. — Abnobmal  Abbakgements  of  Nebvbs. 

1.  Large  Cardiac  BraTich  from  the  left  Superior  Laryngeal  Neroe 
reaching  the  Swperficial  Cardiac  Plexus  independently. 

In  this  case  the  left  superior  laryngeal  nerve  had  its  usual 
origin  from  the  ganglion  of  the  trunk  of  the  pneumogastric 
nerve,  but  was  somewhat  larger  than  the  average.  It  gave  off 
the  external  laryngeal  branch  at  the  usual  place,  but  at  this 

^  A  BtunmAry  of  the  literature  on  this  subject  is  given  up  to  date  in  a  paper 
by  Dr  Wallace  in  Jour.  Anat  and  Pkys,^  toL  zzi.  p.  15S.  Since  then  papers  have 
appeared  in  the  same  Jowmal  by  Cunningham,  yoL  zxii.  p.  391 ;  Shepherd,  toL 
zxiii  p.  808 ;  and  Parsons,  vol.  zzviL  p.  605. 
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point  another  large  branch  arose.  This  nerve  descended  verti- 
cally behind  the  carotid  sheath,  and  having  entered  the  thorax, 
it  passed  in  front  of  the  aortic  arch,  at  the  lower  border  of  which 
it  was  joined  by  a  branch  from  the  inferior  or  recurrent 
laryngeal  nerve,  and  thereafter  it  entered  the  superficial  cardiac 
plexus.  No  other  cardiac  branch  from  the  left  vagus  was  seen 
to  cross  the  aortic  arch,  while  two  cardiac  branches  were  traced 
behind  the  aortic  arch  to  the  deep  cardiac  plexus. 

The  nerve  just  described  is  no  doubt  an  unusual  variety  of 
what  is  called  in  the  rabbit  the  defprtssioT  nerve.  In  man,  this 
nerve  is  supposed  to  arise  in  common  with  or  just  below  the 
superior  laryngeal  nerve,  and  either  to  return  to  the  vagus 
trunk  as  far  as  the  lower  part  of  the  neck,  or  to  join  the 
superior  cardiac  branch  of  the  sympathetic,  for  tremsmission  to 
the  cardiac  plexus. 

2.  A  arruiU  Twig  from  the  trvmJc  of  the  Obturator  Nerve  to  the 

Pectineus  Muscle. 

In  this  case  the  usual  branch  from  the  anterior  crural  nerve 
entered  the  anterior  surface  of  the  upper  part  of  the  pectineus 
muscle,  but  when  this  muscle  was  reflected,  another  nerve  was 
found  entering  the  lower  part  of  the  muscle  on  its  deep  aspect. 
This  twig  took  origin  from  the  trunk  of  the  obturator  nerve, 
immediately  in  front  of  the  obturator  extemus  muscle,  and 
descended  anterior  to  the  adductor  brevis,  to  its  point  of  entrance 
into  the  pectineus.  At  this  spot  the  pectineus  and  adductor 
longus  muscles  were  connected  to  each  other  by  a  fibrous  arch, 
to  which  the  fibres  of  both  muscles  were  attached.  Thus, 
although  performing  the  function  of  an  accessory  obturator  nerve, 
the  twig  in  question  did  not  follow  the  course  usually  associated 
with  the  small  nerve  of  that  name. 

3.  Ext^imon  of  the  distribviion  of  the  Posterior  Interosseous  Nerve 

to  Metacarpophalangeal  articulations. 

The  occurrence  of  this  condition  is  not  unknown  in  human 
anatomy,  but  it  is  of  sufficient  rarity  to  warrant  a  repetition  of 
the  record  of  its  appearance,  more  especially  as  it  was  found  in 
both  hands  of  the  same  subject. 

VOL.  XXX.  (N.S.  VOL.  X.)  2  Q 
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In  the  right  limb,  the  posterior  interosseous  nerve  divided 
into  two  parts  on  the  posterior  aspect  of  the  interosseous  mem- 
brane, an  inch  above  the  lower  end  of  the  radius.  These  passed 
downwards  to  the  back  of  the  carpus,  under  cover  of  the 
posterior  annular  ligament.  Junctions  were  established  be- 
tween the  two  branches,  which  also  supplied  numerous  twigs  to 
the  radio-carpal  and  carpal  articulations.  Besides  these,  two 
long  and  slender  filaments  were  prolonged  downwards,  super- 
ficial to  the  second  and  third  dorsal  interosseus  muscles.  The 
filament  in  relation  to  the  second  interosseous  muscle  termi- 
nated at  the  proximal  end  of  the  interosseous  space  by  dividing 
into  fine  threads,  which  pierced  the  dorsal  interosseous  muscle, 
and  entered  the  adjacent  carpo-metacarpal  articulations.  There 
was  not  sufficient  evidence  that  they  supplied  any  part  of  the 
muscle. 

The  filament  in  relation  to  the  third  interosseous  space  was 
traced  to  the  distal  end  of  that  interval,  where  it  ended  in  very 
fine  threads,  which  supplied  the  third  and  fourth  metacarpo- 
phalangeal articulations. 

In  the  left  limb,  the  posterior  interosseous  nerve  presented  a 
distinctly  elongated  swelling  subjacent  to  the  posterior  annular 
ligament  From  this  enlargement  a  number  of  branches  arose, 
from  several  of  which  finer  twigs  were  traced  to  the  radio-carpal, 
carpal  and  carpo-metacarpal  articulations;  in  particular,  two 
slender  filaments  were  traced  downwards,  superficial  to  the  third 
and  fourth  dorsal  interosseous  muscles.  These  nerve  filaments 
were  traced  to  the  third  and  fourth  metacarpo-phalangeal 
articulations,  but  there  was  no  evidence  of  their  supplying 
either  muscular  or  cutaneous  offsets. 

In  both  of  the  hands  under  consideration  the  profunda  branch 
of  the  ulnar  nerve  in  the  palm  supplied  the  radial  as  well  as 
the  ulnar  heads  of  the  flexor  brevis  pollicis  muscle.  The  branch 
for  the  radial  head  of  the  muscle  passed  outwards  subjacent  to 
the  tendon  of  flexor  longus  pollicis,  and  entered  the  muscle  in 
its  distal  half.  At  the  same  time  the  median  nerve  delivered  a 
twig  to  this  muscle  in  the  usual  place  and  manner. 
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4.  Five  Digital  Branches  from  the  Internal  Plantar  Nerve. 

In  this  foot  the  internal  plantar  nerve  supplied  five  digital 
branches,  which  were  distributed  to  four  and  a  half  digits,  only 
the  fibular  side  of  the  little  toe  being  unprovided  with  a  branch 
from  this  nerve.  The  external  plantar  nerve  supplied  its  normal 
number  of  digital  branches,  viz.,  two,  and  these  occupied  their 
customary  places,  so  that  the  adjacent  sides  of  the  fourth  and 
fifth  digits  were  provided  with  a  double  set  of  plantar  cutaneous 
nerves. 

5.  Double  Nerve  Supply  to  the  First  and  Second  Dorsal  Interosseous 

Muscles  of  the  Foot 

In  the  foot  referred  to  in  the  preceding  paragraph,  the  dorsal 
interosseous  muscles  were  provided  with  the  usual  branches 
from  the  external  plantar  nerve,  but  in  addition,  the  anterior 
tibial  nerve  supplied  branches  to  the  two  innermost  of  the  dorsal 
interosseous  muscles.  The  inner  division  of  the  anterior  tibial 
nerve  supplied  a  branch  to  the  first  dorsal  interosseous  muscle 
while  the  second  dorsal  interosseous  muscle  received  a  branch 
which  descended  from  the  outer  division  of  the  anterior  tibial 
nerve  subjacent  to  the  extensor  brevis  digitorum.  This  con- 
dition has  already  been  recorded  by  Biidinger  and  Cunningham. 

6.  Absence  of  the  Nerve  of  Wrisberg^  and  presence  of  a  lateral 
cutaneous  branch  from  the  first  intercostal  nerve. 

The  occurrence  of  the  first  variation  is  well  known,  and  my 
reason  for  referring  to  an  instance  of  this  condition,  which 
recently  came  under  my  notice,  is  to  associate  with  the  absence 
of  this  small  nerve,  the  presence  of  a  well  marked  lateral 
cutaneous  branch  from  the  first  intercostal  nerve.  This  asso- 
ciation is  of  interest,  as  illustrating  the  compensatoiy  value 
of  one  irregularity  in  the  presence  of  another,  more  especiaUy 
as  the  nerve  of  Wrisberg  is  derived  from  the  first  dorsal  nerve. 
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III. — ^Abnormal  Ligamjent,  consisting  of  Orud/orm  Fibres  in 
front  of  the  anterior  common  ligament  of  the  dhow-joint. 

Last  winter  sescdon  I  observed  a  stratum  of  ligamentous 
fibres  lying  superficial  to  and  quite  distinct  from  the  anterior 
common  ligament  of  an  elbow-joint,  which  had  been  very  care- 
fully prepared  by  the  prosectors  to  the  class.  These  fibres  were 
arranged  in  the  form  of  two  fiat  bands,  which  decussated  with 
each  other,  and  had  the  following  attachments : — one  band  ex- 
tended from  the  front  of  the  internal  condyle  of  the  humems 
outwards  and  downwards  to  the  orbicular  ligament ;  the  other 
extended  from  the  front  of  the  external  condyle  downwards  and 
inwards,  to  the  front  of  the  coronoid  process  of  the  ulna. 

IV. — Arterial  Abnormalities. 

1.  A  Right  Bronchial  Artery  arising  from  the  aortic  arch. 

The  artery  in  question  was  an  auxiliary  vessel  to  the  ordinary 
bronchial  artery  for  the  right  lung,  which  arose  from  the  first 
right  aortic  intercostal  artery. 

The  auxiliary  bronchial  artery  arose  from  the  posterior  sur- 
face of  the  aortic  arch  immediately  below  the  interval  between 
the  innominate  and  left  common  carotid  arteriea  Inclining 
downwards  and  backwards,  it  traversed  the  anterior  surface  of 
the  trachea,  on  the  left  side  of  which  it  continued  to  descend 
until  it  reached  the  root  of  the  left  bronchus.  At  this  point  it 
turned  towards  the  right  side  in  front  of  the  left  bronchus,  and 
crossing  the  angle  between  the  two  bronchi  it  broke  up  into 
several  branches  on  the  frorU  of  the  right  bronchus.  Each 
of  these  accompanied  a  branch  of  the  bronchus  into  the  sub- 
stance of  the  right  lung. 

The  left  lung  was  only  provided  with  one  bronchial  arteiyi 
which  arose  from  the  front  of  the  descending  thoracic  aorta. 

2.  Origin  of  the  Long  Thoracic^  Posterior  Scapviar,  ^prascapuiar 
and  Swperficial  Ascending  Cervical  Arteries  by  a  Common 
TrwnTcfrom  the  Axillary  Artery. 

This  combination  of  variations  occurred  on  the  left  side  of  a 
subject  in  which  the  absence  of  the  last  three  vessels  from  the 
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Bubclaviau  trunk  formed  a  marked  feature  of  the  dissection  of 
the  posterior  triangle  of  the  neck.  As  the  dissection  advanced 
it  was  found  that  each  of  the  four  vessels  referred  to  occupied 
the  ultimate  position  associated  with  and  indicated  by  its  name, 
but  that  they  had  all  spnmg  from  a  common  trunk  arising  from 
the  axillary  artery.  This  tnmk  took  origin  from  the  lower 
border  of  the  first  part  of  the  axillary  artery,  and  passed  down- 
wards upon  the  surface  of  the  serratus  magnus  muscle.  Before 
it  had  quite  reached  the  lower  border  of  the  second  rib,  it 
bifurcated  into  two  parts  of  unequal  size.  The  smaller  of  the 
two  continued  onwards,  and  fulfilled  the  distribution  associated 
with  the  long  thoracic  artery,  while  the  larger  vessel  turned 
abruptly  towards  the  chest  wall,  and  coursing  upwards,  left 
the  axilla  by  passing  between  those  digitations  of  the  serratus 
magnus  arising  from  the  first  and  second  ribs.  Still  pursuing 
its  course  upwards  and  backwards  behind  that  part  of  the 
serratus  magnus  arising  from  the  first  and  second  ribs,  it 
approached  the  superior  angle  of  the  scapula,  where  it  dis- 
tributed as  a  collateral  branch,  the  posterior  scapular  artery. 
Then  turning  outwards  along  the  superior  scapular  border,  it 
gave  oflf  the  superficial  ascending  cervical  artery,  under  cover  of 
the  trapezius  muscle,  and  finally  distributed  its  terminal  branch 
as  the  suprascapular  artery,  which  entered  the  supra-spinous 
fossa  above  the  suprascapular  ligament. 

3.  Double  Profunda  Femoris  Artery. 

The  above  peculiarity  was  seen  in  the  dissection  of  a  left 
thigh ;  and  as  the  condition  is  a  rare  one,  the  following  account 
of  the  two  arteries  may  be  of  interest.  The  vessels  may  be  dis- 
tinguished from  each  other  by  the  terms  profunda  femoris 
superior  and  profunda  femoris  inferior. 

Profunda  femoris  superior  was  given  oflf  from  the  outer  and 
back  part  of  the  femoral  artery,  immediately  below  Poupart's 
ligament.  It  ran  downwards  and  inwards  behind  the  femoral 
trunk,  where,  one  inch  and  a  half  from  its  commencement,  it 
gave  ofiT  the  external  and  internal  circumflex  arteries  in  a 
perfectly  normal  manner.  Two  inches  lower  down  the  pro- 
funda femoris  superior  supplied  the  first  perforating  artery^ 
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which  passed  through  the  upper  part  of  the  tendon  of  adductor 
brevis,  posterior  to  which  it  supplied  a  muscular  branch  to  the 
adductor  magnus,  and  then  perforated  the  tendon  of  this  latter 
muscle  close  to  the  femur.  The  terminal  branch  of  the  profunda 
femoris  superior  perforated  first  the  lower  part  of  the  adductor 
brevis  tendon,  and  then  the  tendon  of  the  adductor  maguus, 
becoming  in  fact  the  second  perforating  artery. 

Profunda  femoris  inferior  arose  from  the  inner  side  of  the 
femoral  trunk,  three  inches  below  the  point  of  origin  of  the  pro- 
funda femoris  superior,  which  it  equalled  in  size.  It  coursed 
downwards,  lying  alongside  of  the  femoral  artery,  and  not 
accompanied  by  a  special  vein.  On  reaching  the  front  of  the 
adductor  longus,  it  passed  backwards  through  the  tendon  of  that 
muscle,  behind  which  it  gave  muscular  branches  to  the  adductor 
magnus,  whose  tendon  was  pierced  by  another  branch  represent- 
ing the  third  perforating  artery. 

The  terminal  branch  of  this  inferior  profunda  femor  is 
continued  downwards  between  the  tendons  of  the  adductors 
longus  and  magnus,  supplying  muscular  branches  to  the  latter, 
and  ultimately  piercing  its  tendon  close  to  the  femur,  thus 
forming  the  fourth  perforating  artery. 


Bifid  Auricular  Appendix  and  a  Moderator  Band  in  the 

Left  Auricle. 

These  unusual  variations  were  found  in  the  heart  of  an  adult 
male  which  did  not  present  any  evidence  of  valvular  disease, 
and,  beyond  the  abnormalities  mentioned,  there  was  nothing 
else  which  attracted  special  attention. 

The  auricular  appendix  had  its  customary  position,  but  instead 
of  being  notched  to  the  usual  extent,  it  was  deeply  cleft,  so  as  to 
present  the  appearance  of  two  appendices.  The  smaller  of  the 
two  divisions  was  nearest  to  the  left  side.  The  interior  surface 
of  each  presented  the  characteristic  musculi  pectinatL  The  pul- 
monary veins  from  the  right  lung  entered  the  auricle  by  two 
orifices,  while  those  from  the  left  lung  had  united  into  a  com- 
mon trunk,  and  thus  presented  one  orifice  of  entrance  into  the 
auricle. 
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In  the  cavity  of  the  auricle  there  was  a  distinct  moderator 
band,  of  a  thickness  resembling  whipcord.  Its  upper  end  was 
attached  to  the  auricular  wall  immediately  above  and  in  front  of 
the  orifice  of  the  left  pulmonary  vein ;  the  lower  end  was  attached 
to  the  inter-auricular  septum  between  the  position  of  the  fossa 
ovaUs  and  the  mitral  orifice.  This  lower  end  gave  off  some  fine 
fibrils,  of  which  a  few  became  continuous  with  the  auricular 
aspect  of  the  base  of  the  anterior  cusp  or  segment  of  the  mitral 
valve.  The  removal  of  the  endocardium  demonstrated  the  con- 
tinuity of  this  moderator  structure  with  the  heart  substance. 

In  the  pages  of  the  April  number  of  this  Jownud^  three 
instances  of  this  abnormality  are  recorded. 

In  Dr  Eolleston's  case  there  were  certain  points  of  resem- 
blance to  the  one  above  described,  but  it  differed  chiefly  in 
regard  to  the  septal  attachment  of  the  band.  The  heart  was 
otherwise  natural. 

In  the  case  described  by  Professor  Wardrop  Griffith  the  band 
extended  between  the  "left  anterior  wall  f  inch  above  and 
behind  the  opening  of  the  auricular  appendix,"  and  "  the  anterior 
part  of  the  valve  of  the  foramen  ovale,"  which  was  completely 
closed. 

Dr  J.  K  Fowler's  case,  originally  described  in  the  Pathological 

Society's  TransactioTis,  1882,  "was  attached  to  the  septal  wall, 
to  the  inner  side  of  the  annulus  ovalis,  and  was  continuous  with 
the  membrane  forming  the  fossa  ovalis,"  which  presented  a  valve- 
like opening. 

The  two  latter  cases  certainly  very  closely  resemble  each 
other,  while  my  case  is  more  akin  to  that  of  Dr  RoUeston. 

If  we  are  to  regard  these  bands  as  exaggerated  varieties  of 
normal  fibro-muscular  bands  passing  from  the  valve  of  the 
foramen  ovale  to  the  auricular  wall,  then  the  present  case 
provides  a  very  extreme  form  of  the  condition  in  which  it  has 
ceased  to  have  immediate  association  with  the  foramen  ovale. 

^  Proc  Anai,  Soc,  p.  v.  ;  and  Jour.  AtuU,  arid  Phys,,  April  1896. 


^otittB  0f  ^tia  ^tmotrs. 


La  Stdure  MHopique  et  ties  Rapports  avee  la  Morphdlogie  CranieimB, 

By  Dr  G.  Papillattlt.    Paris,  1896. 

Dr  Papillault  has  contributed  to  the  Memoires  de  la  SodeU 
d^Anthropologie  de  Paris,  t.  ii.  (iii®  s^rie,  P'  Fascicule),  an  important 
essay  on  the  metopic  condition  of  the  frontal  bone.  His  investigation 
has  been  conducted  in  the  Laboratory  of  Anthropology,  Paris.  He 
has  come  to  the  conclusion  that  a  persistent  frontal  suture  is  due  to  a 
greater  cerebral  development,  and  that  the  cause  of  metopism  is  to  be 
looked  for  in  the  brain  itself.  The  general  pressure  of  the  brain 
against  its  enveloping  structures  is  greater  in  metopic  skuUs.  This 
does  not  necessarily  affirm  that  metopic  persons  are  intellectually 
superior  to  those  in  the  same  race  who  have  the  frontal  suture  closed, 
but  that  the  relative  weight  of  the  brain  is  greater.  In  807  male 
crania  in  the  laboratory,  9'91  per  cent,  of  the  skulls  were  metopic ;  in 
329  female  crania,  11 '85  per  cent. ;  but  Ferraz  de  Macedo  states  that 
in  1000  cotemporary  Portuguese,  the  proportion  was  11*8  in  the  men 
and  9'3  in  the  women. 


Anthropology  of  the  Todas  and  Kotas  of  the  Nilgiri  HUlSy  and  of  (he 
Brahmans,  KammdlanSy  Pallis^  and  Pariahs  of  Madras  City. 
By  Edgab  Thubston,  Superintendent,  Madras  Government 
Museum.     1896. 

This  memoir  forms  bulletin  No.  4  of  the  publications  of  the  Madras 
Government  Museum.  It  is  principally  devoted  to  an  account  of  the 
very  interesting  races  of  the  Nilgiris  known  as  Todas  or  Tudas,  and 
Kotas.  An  excellent  description  is  given  of  Toda  customs  and 
ceremonies.  The  physical  characters  of  the  people  are  described,  and 
the  external  measurements  of  the  body,  together  with  the  colour  of 
the  skin  and  hair,  and  the  abundance  of  the  hair  on  the  head  and 
face.  No  skeletons  or  skulls  of  the  Todas  seem  to  have  been 
collected ;  as  the  practice  of  burning  the  bodies  of  the  dead  necessarily 
injures  or  destroys  the  bones.  The  average  height  of  the  Toda  men 
who  were  measured  was  1 69'6  cm.,  the  maximum  being  179,  and  the 
minimum  159*2.  The  mean  cephalic  length  was  194  mm. ;  breadth, 
142  mm. ;  and  index,  73 '3.  The  average  nasal  height  was  47  mm.; 
breadth,  36  mm. ;  index,  74*9.     The  women  had  a  mean  height  155*6 
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cm.,  the  mazimmn  1656,  the  minimum  1465  cm.  The  mean 
cephalic  length  was  184  mm. ;  breadth,  136  mm. ;  index,  73*9.  The 
average  nasal  height  was  42  mm. ;  breadth,  32  mm. ;  index,  75*5. 

A  corresponding  series  of  observations  were  made  on  the  customs, 
ceremonies,  physical  characters,  and  external  measurements  of  the 
Kotas.  The  Kotas  are  not  so  hairy  as  the  Todas;  their  mean 
height  is  less  (162'9),  being  6*7  cm.  below  the  Todas;  they  are  not 
so  muscular  and  strong,  have  broader  hips,  and  shorter  and  narrower 
feet.  Both  Todas  and  Kotas  are  dolichocephalic ;  the  cephalic  index 
is  almost  the  same  in  both.  The  Kotas  have  wider  faces,  with  more 
prominent  cheek  bones,  a  greater  bimalar  breadth,  wider  lower  jaw, 
and  more  developed  zygomatic  arches.  The  Toda  nose  is  slightly 
longer  and  broader  than  that  of  the  Kotas.  Corresponding  to  the 
greater  length  from  the  vertex  to  the  tragus,  and  the  more  developed 
frontal  region,  the  facial  angle  (Cuvier)  of  the  Kota  70*"  is  S**  in  excess 
of  that  of  the  Toda  (67°). 

The  average  height  of  a  series  of  the  Madras  Brahmans  measured 
during  life  was  162*5  cm. ;  the  cephalic  index  was  76*4 ;  the  nasal 
index  77 '2;  the  facial  angle  69°.  The  average  height  of  several 
Kammdlans  was  159*7 ;  the  cephalic  index  was  75  ;  the  nasal  index, 
77-3;  the  facial  angle,  70°.  The  average  height  of  the  Pallis 
measured  was  162*5;  the  cephalic  index  was  73;  the  nasal  index, 
77 '9  j  the  facial  angle,  69°.  The  average  height  of  the  Pariahs 
measured  was  162*1 ;  the  cephalic  index  was  736;  the  nasal  index 
was  80 ;  the  facial  angle  was  68°. 


Prdiminart/  Note  on  the  Occurrence  of  a  Placental  connection  in 
Perameles  Obesula  and  on  the  Foetal  Membranes  of  Certain 
Macrqpods,  By  Jas.  P.  Hill,  Demomtrator  of  Biology ,  Univer- 
sity of  Sydney. 

Mr  Hill  gives  an  account  (Proc.  Linnean  Socy.  of  Neto  South  Wales, 
vol.  X.,  2nd  series,  Nov.  27,  1895,  of  the  gravid  uterus  of  Perameles 
obestda.  Three  embryoes  were  found  in  the  right  uterus,  and  two  in 
the  left.  The  foetal  membranes  have  essentially  the  same  general 
arrangement  as  those  described  by  K.  Semon  in  Phascolarctus  and 
^pyprymnus.  The  embryo  is  sunk  in  the  yolk  sac,  and  is  partially 
surrounded  by  the  invt^nated  upper  portion  of  the  wall  of  that  sac, 
the  "  inneres  Blatt "  of  Semon.  This  inner  leaf  does  not  so  completely 
surround  the  embryo  as  in  Phascolarctus,  ^pyprymnus,  and  Macropus, 
so  that  the  portion  of  the  serous  membrane  consisting  of  ectoderm  and 
somatic  mesoderm,  and  limiting  the  extra-embryonic  cgbIoul,  externally 
forms  a  discoidal  area,  with  which  area  the  allantois  fuses,  and  over  it 
the  placental  connection  is  established.  The  allantois  consists  of  a 
long  somewhat  flattened  stalk  and  a  terminal  expanded  flattened 
vesicle.    The  stalk  leaves  the  embryo  behind  the  yolk  sac,  and  bend- 
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ing  to  the  right,  expands  at  its  distal  end  into  the  flattened  Tesicle 
which  spreads  over  the  discoidal  area.  The  vesicle  and  stalk  are  lined 
by  endoderm  cells.  The  mesoderm  of  the  outer  surface  of  the  allantois 
fuses  with  the  somatic  mesoderm  of  the  serous  membrane,  and  the 
mesenchyme  on  the  outer  aspect  of  the  allantoic  cavity  apparently 
stands  in  direct  connection  with  the  uterine  mucosa. 

The  uterine  mucosa  had  apparently  lost  the  columnar  epitheHiim 
through  degeneration.  A  short  distance  below  the  surface  of  the 
mucosa  were  groups  of  large  oval  or  rounded  nuclei,  which,  the  author 
thinks,  were  derived  from  proliferation  of  the  uterine  epitheliuuL  The 
uterine  glands  were  well  developed,  and  their  epithelium  was  not 
degenerated.  The  placenta  received  the  foetal  blood  from  two  small 
arteries  which  accompanied  a  large  vein.  They  extended  unbranched 
in  the  allantoic  stalk :  they  branched  on  the  inner  surface  of  the 
vesicular  allantois,  and  could  be  traced  into  capUlaTies  in  the  mesen- 
chyme of  the  outer  surface,  which  were  closely  applied  to  the  uterine 
mucosa,  and  formed  with  it  an  interlocking  system  with  the  maternal 
capillaries.  The  author  concludes  that  a  true  allantoic  placenta  exists 
in  Perameles,  so  that  the  Marsupialia  can  no  longer  be  included  among 
the  AplacentaUa  as  not  possessing  an  allantoic  placenta. 
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PEOCEEDINGS  OF  THE 

ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


NOVEMBER  1895. 


The  Ninth  Annual  General  Meeting  of  the  Society  was  held  on 

November  22,  in  the  Court-Room  of  Guy's  Hospital.     Present Mr 

LooKWOOD  (Vice-President)  in  the  chair,  twenty-two  members,  and 
four  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  following  gentlemen  were  elected  officers  for  the  ensuing 
year : — President — G.  D.  Thane.  Vice-Presidents — Johnson  Symin^ 
ton,  M.D. ;  R.  W.  Reid,  M.D. ;  C.  B.  Lockwood.  Treasurer— G,  B. 
Howes.  Secretaries — A.  F.  Dixon  (Ireland) ;  J.  Yule  Mackay,  M.D. 
(Scotland);  F.  G.  Parsons  (England).  Council— W,  Anderson, 
D.  J.  Cunningham,  F.R.S. ;  E.  Fawcett,  M.B. ;  P.  Flemming,  M.D. ; 
A.  Hill,  M.D. ;  R.  Howden,  M.D. ;  A.  A.  Kanthack,  M.D. ;  A.  Keith, 
M.D. ;  R.  Clement  Lucas,  M.S. ;  G.  H.  Makins;  T.  H.  Openshaw, 
M.S. ;  A.  M.  Paterson,  M.D. ;  A.  Robinson,  M.B. ;  H.  D.  Rolleston, 
M.D. ;  T.  W.  Shore,  M.D. ;  E.  Barclay  Smith,  M.D. ;  J.  H.  Targett  • 
A.  Thomson,  M.D. ;  G.  R.  Turner;  B.  Windle,  M.D. 

Professor  Thane  then  took  the  chair,  and  thanked  the  Society  for 
the  honour  conferred  upon  him. 

A  vote  of  thanks  to  Professor  D.  J.  Cunningham,  the  past  Presi- 
dent^ was  carried  unanimously. 

The  Treasurer's  Report,  showing  a  balance  of  £76,  2s.  6d.,  was 
received  and  adopted. 

In  presenting  his  Annual  Report,  the  Treasurer  said  that  the 
financial  feature  of  the  year  had  been  the  final  recovery  of  subscrip- 
tions long  in  arrear,  and  that  the  percentage  of  subscriptions  received 
for  the  current  year  had  far  exceeded  that  of  previous  occasions. 
After  referring  to  the  progress  of  the  Index  to  the  Journal  of  Anatomy 
and  Physiology i  he  pointed  out  that,  although  during  the  year  1894- 
1895  the  Society's  activity  had  increased,  the  expenditure  was  still 
insufficient  as  compared  with  that  of  the  years  1891-1893,  during 
which  the  number  of  members  was  smaller  than  at  present.  He 
remarked  that  within  the  last  year  there  had  been  eleven  enrol- 
ments and  but  three  resignations,  and  reiterated  the  opinion  that,  as 
judged  by  the  expenditure,  the  work  of  the  Society  was  not  making 
sufficiently  rapid  progress. 
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The  following  alteration  of  Hule  IIL  was  submitted  by  the  Cooncil 
and  carried : — ^To  cancel  all  the  words  after  "  be,"  and  to  insert  "  sub- 
mitted to  the  Committee  of  Management,  and  on  their  recommenda- 
tion the  ballot  shall  take  place  at  the  next  meeting  of  the  Society." 

Messrs  Hubert  Higgins  and  6.  S.  Farmer,  M.B.,  F.R.C.S.,  were 
elected  members  of  the  Society. 

Dr  G.  F.  Blacker  read  a  paper  on  the  Topographical  Anaiomy  of 
the  Fourchette.  The  paper  is  printed  in  the  Journal  of  Anatomy^ 
January  1896.  Dr  Blacker  points  out  the  difference  of  opinion  which 
exists  among  anatomists  as  to  the  relation  of  the  fourchette  to  the 
labia  majora  and  minora.  The  first  part  of  his  paper  consists  of  a 
review  of  the  literature  of  the  subject;  the  second,  of  a  record  of 
observations  on  397  out-patients.  These  records  show  that  in  about 
15  per  cent,  the  fourchette  was  formed  by  the  united  posterior 
extremities  of  the  labia  minora,  while  in  the  rest  it  was  a  fold 
of  skin  apparently  uniting  the  posterior  extremities  of  the  labia 
majora.  Dr  Blacker  takes  the  view  that  the  fourchette  is  really  a 
part  of  the  labia  minora;  he  advocates  the  abolition  of  the  terms 
"  anterior  and  posterior  commissures." 

Mr  F.  G.  Parsons  read  a  paper  and  exhibited  drawings  of  a  Bare 
Form  of  Parasitic  Fcetvs,  The  paper  will  be  found  in  the  Journal  of 
Anatomy,  January  1896.  The  parasitic  foetus  is  represented  by  an 
extra  arm  and  leg  on  the  left  side  of  the  original  foetus,  both  of  which 
are  double,  and  consist  of  two  arms  and  legs  united  on  their  flexor 
surfaces.  There  are  also  traces  of  two  kidneys  and  a  bladder  of  the 
parasitic  foetus,  as  well  as  an  extra  auricle. 

There  are  many  abnormalities  in  connection  with  the  abdominal 
viscera  and  the  vascular,  muscular,  and  nervous  systems. 

The  primary  foetus  is  anencephalous,  but  no  m.  stemalis  was  found. 

Dr  Arthur  Ejbith  read  a  paper  upon  The  frequent  occurrence  of 
a  Divided  Inferior  Vena  Cava  in  the  genua  Hylohatea  (Gibbons).  In 
European  literature^  he  knew  of  only  five  recorded  dissections  of 
gibbons.  Three  were  by  Kohlbriigge  (^),  one  by  Deniker  (*),  and 
the  other  by  Th.  L.  W.  Bischoff  (8).  Deniker's  animal  was  a  foetos ; 
he  remarked  that  the  inferior  vena  cava  was  very  short;  the  two 
other  authors  merely  noticed  that  the  arrangement  of  abdominal 
veins  resembled  that  of  man.  Mr  Keith  had  records  of  dissections 
of  nine  gibbons,  but  only  in  six  had  the  condition  of  the  abdo- 
midal  veins  been  recorded.  Three  of  these  were  of  the  species  lar^ 
three  of  pileatus.  In  four  animals  out  of  the  six — ^two  in  each  species 
— three  of  these  four  were  females — the  vena  cava  was  divided  in  the 
region  posterior  to  the  kidneys.  The  right  vein  arose  on  the  dorsal 
surface  of  the  right  common  iliac  artery  by  the  junction  of  the  exter- 
nal and  internal  iliac  veins.  It  joined  the  right  renal  vein,  and 
received  the  ovarian.  The  left  vein  arose  in  a  manner  similar  to  that 
on  the  right,  it  received  the  left  ovarian  vein  and  joined  the  left  renal 
The  left  renal  passed  in  two  cases  behind  the  aorta  (^),  in  two  cases 
in  front  of  the  aorta  to  join  the  right  renal,  and  thus  formed  the  vena 
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cava.  A  connecting  vein  between  the  common  iliacs  in  the  region  of 
the  sacrum  was  not  observed,  but  it  may  have  been  present.  The  con- 
nections of  the  right  and  left  veins  with  the  vense  azygos  were  not 
noted. 

Kollmann  has  found  about  thirty  cases  of  this  arrangement  of  veins 
recorded  as  having  occurred  in  man.  Mr  Keith  thought  it  occurred 
more  frequently  than  such  a  small  number  suggested — ^probably  as 
frequently  as  once  in  150  bodies. 

Hochstetter  {*),  the  authority  upon  the  morphology  of  veins  of  the 
trunk,  had  pointed  out  that  a  divided  cava  occurred  both  in  the 
Omithorhynchus  and  Echidna.  The  speaker  had  been  able  to  verify 
that  in  two  specimens  of  the  duckbill  Hochstetter  had  further 
pointed  out  that  the  vena  cava  occurs  in  a  divided  form  amongst 
dolphins,  seals,  and  frequently  also  in  the  hedgehog,  cat^  and  rabbit. 
Out  of  fifty  catarrhine  monkeys  Mr  Keith  had  not  found  any  case  of 
divided  inferior  cava. 

Mr  Keith  thought  it  was  interesting  to  find  a  variation  that  occurred 
not  unfrequently  in  man  occurring  so  frequently  in  an  animal  that 
was  nearly  allied  to  man.  It  was  still  more  interesting  when  taken  in 
connection  with  some  other  structural  variations  which  occur  in  man 
and  the  gibbon.     The  contrast  was  best  made  in  a  tabular  form : — 


Man, 

Oibhtm. 

Divided  inferior  vena  cava,      .... 

Bare. 

Common. 

Mannbrimn  enlarged  by  addition  of  the  first 
piece  of  the  meso-stenmm. 

Very  rare. 

Very  common. 

Head  to  biceps  cnbiti  from  the  small  tuber- 
osity of  humerus. 

Rare. 

Very  common. 

Head  to  biceps  cubit!  from   internal   inter- 
muscular septum  of  brachium. 

Bare. 

Common. 

Amongst  gibbons  the  divided  inferior  vena  cava  occurs  most  fre- 
quently amongst  females ;  this  is  probably  also  the  case  in  the  human 
race.  The  usual  persistence  of  the  right  cardinal  vein  as  the  entire 
vena  cava  may  be  connected  with  the  lower  position  of  the  right 
kidney ;  at  anyrate,  in  the  case  of  a  left  inferior  vena  cava,  and  often 
in  the  cases  of  divided  inferior  venae  cavse,  the  left  kidney  was  lower 
than  the  right. 

Keith  was  still  uncertain  that  Hochstetter  had  settled  the  morpho- 
logy of  the  inferior  vena  cava.  He  quite  agreed  with  that  eminent 
anatomist  that  the  prsB-renal  part  of  the  inferior  vena  cava  represented 
the  vensB  revehentes  of  the  lower  vertebrata,  but  he  was  doubtful  if 
the  post-renal  parts  represented  cardinal  veins  only.  In  the  first 
place,  the  venaa  advehentes  of  lizards  were  often  directly  connected 
with  the  vensB  revehentes  by  a  connecting  trunk  that  thus  "  short- 
circuited  "  the  blood  straight  from  the  tail  to  the  heart  without  passing 
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through  the  kidneys.  The  yeno  advehentes  in  such  a  case  are 
certainly  not  cardinals.  They  occupy  the  position  occupied  by  an 
inferior  divided  vena  cava.  These  veins  lie  on  the  ventral  aspect  of 
the  aorta  and  iliac  arteries,  and  in  some  Marsupials  the  inferior  vena 
cava  occupies  such  a  position.  Besides,  the  renal  veins — as  do  the 
venae  advehentes — ^lie  on  the  ventral  aspect  of  the  renal  arteries,  and 
he  did  not  think — from  a  morphological  point  of  view — that  the 
explanation  Hochstetter  gave  of  how  the  cardinal  veins  came  to  occupy 
that  position  in  mammals  was  satisfactory.  Further,  the  caudo-renal 
system  of  veins  in  the  ReptUia  had  to  be  accounted  for  in  the 
mammalia.  From  their  position  the  ascending  lumbar  veins  seemed 
to  him  rather  to  correspond  to  the  cardinal  veins.  He  mentioned 
these  doubts  merely  to  act  against  a  too  hasty  acceptation  of  Hoch- 
stetter's  views. 

Mr  Parsons  showed  a  drawing  of  a  double  inferior  vena  cava  found 
in  the  St  Thomas's  Hospital  dissecting-room,  in  a  male  subject 

Mr  Black  also  referred  to  two  cases  in  man. 

REFERENCES. 

(})  KoHLBBttOGB.  "Anatomic  des  Genus  Hylobates."  Max  Weber's  Zoo- 
logische  ErgtHyMMe^  Leyden,  1890. 

(^)  DsNiKBa  (J.^.  Recherches  Anatomiques  et  Embryoloffiques  sur  les  Singes 
Anthropoides,    Poitiers,  1886. 

(')  BiscHOFF  (Th.  L.  W.]^  "Beitiage  znr  Anatomie  des  Hylobates  leueiscus,"* 
Abh.  bayer.  Ah.  Mimchen,  Bd.  x.,  1870. 

(*)  HocHSTETTBE  (F.).    JforpTt.  Jahrhuch,  1898,  Bd.  xx.  pp.  642-648.    He 

fives  a  Ml  list  of  references  to  his  other  papers,  and  also  to  all  the  literature 
earing  upon  the  Embryology  and  Morphology  of  the  Abdominal  Veins. 
(°)  Fbobibp.    AncU.  Anzeig.,  Bd.  x.  No.  18,  p.  674.     Becords  four  cases  out 
of  twenty-eicht  human  bodies  in  which  the  left  renal  yein  passed  behind  instead 
of  in  front  of  the  aorta. 

Mr  Hubert  Higgins  read  a  paper  on  Tlie  2*rue  Capsule  of  the  Knee, 
which  is  printed  in  extenso  in  the  Journal  of  Anatomy,  January  1896. 
In  it  he  descrihes  the  true  capsule  as  separated  from  the  fihrous 
expansions  of  the  vasti  by  a  multilocular  bursa ;  elsewhere  the  tnie 
and  accessory  capsules  are  separated  by  loose  connective  tissue. 

In  about  two  per  cent  of  cases  the  true  capsule  is  unconnected  with 
the  subcrureus  bursa. 

In  those  cases  in  which  the  ligamentum  mucosum  is  represented  bj 
a  septum,  it  usually  consists  of  two  layers  which  split  to  inclose  the 
crucial  ligaments,  being  attached  above  and  below  to  the  peripheiy  of 
the  articular  cartilage  of  the  tibia  and  femur. 

Mr  Higgins  regards  the  more  ordinary  form  of  the  true  capsule  as 
the  remains  of  the  two  capsules  limiting  the  original  internal  and 
external  articulations,  the  anterior  part  having  become  obliterated. 
The  extracapsular  positions  of  Humphry's  and  Wrisberg's  ligaments 
he  looks  upon  as  evidence  of  the  extracapsular  origins  of  the  semilimar 
cartilages. 
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FEBRUARY  1896. 


An  Ordinary  Meeting  of  the  Society  was  held  on  Monday,  Fehruary 
10th,  at  St  Mary's  Hospital  Medical  School, — Professor  Thanb  in  bhe 
chair. 

Twenty  memhers  and  visitors  were  present. 

The  following  gentlemen  were  elected  Memhers  of  the  Society. 

1.  R.  H.  BiJBNB,  146  Gloucester  Terrace,  Hyde  Park,  "W*.,  proposed 
by  F.  G.  Parsons,  P.  Flemming,  A.  Keith ;  2.  R.  J.  Bebry,  M.D., 
4  Howard  Place,  Edinburgh,  proposed  by  J.  Musgrove,  J.  Symington, 
P.  Flemming;  3.  J.  H.  Fibhbb, M.B.,  B.S.,  Demonstrator  of  Anatomy 
at  St  Thomas's  Hospital,  proposed  by  F.  G.  Parsons,  A.  Keith,  P. 
Flemming;  4.  E.  T.  E.  Hamilton,  M.D.,  Demonstrator  of  Anatomy  at 
Guy's  Hospital,  proposed  by  G.  H.  Makins,  A.  S.  Griinbaum,  F.  G. 
Parsons;  5.  J.  H.  Sbqueiba,  M.D.,  Demonstrator  of  Anatomy  at 
the  London  Hospital,  proposed  by  T.  H.  Openshaw,  A.  Keith,  P. 
Flemming ;  E.  M.  Corner,  B.Sc.  Lond.,  St  Thomas's  Hospital,  pro- 
posed by  W.  Anderson,  G.  H.  Makins,  F.  G.  Parsons. 

Dr  RoLLBSTON  showed  a  Band  in  the  left  Auride  of  the  Heart  of  a 
boy  aged  1^  year ;  it  was  a  round  fibrous  band,  crossing  over  the 
orifice  of  the  mitral  valve.  It  was  attached  to  the  outer  wall  of  the 
auricle  below  and  behind  the  appendix  (now  removed),  and  ran  down- 
wards  and  to  the  right,  to  be  attached  to  the  septal  wall  of  the  auricle 
below,  and  in  front  of  the  fossa  ovalis.  Its  attachment  to  the  septal 
wall  was  not  blended  with  the  annulus  ovalis  or  fenestrated. 

There  was  no  slit  in  or  abnormality  of  the  fossa  ovalis,  and  in  other 
respects  the  heart  was  natural. 

There  was  a  Meckel's  diverticulum  on  the  ileum. 

Dr  J.  K.  FowLBR,  in  the  Pathological  Society*8  TransactionSf  1882, 
p.  77,  had  recorded  a  somewhat  similar  though  larger  band  in  the  left 
auricle  of  a  man  aged  42. 

The  band  in  that  case  was  f  inch  wide,  with  its  edges  vertical. 
It  was  attached  to  the  septal  wall,  to  the  inner  side  of  the  annulus 
ovalis,  and  was  continuous  with  the  membrane  forming  the  fossa 
ovalis.  This  attachment  showed  fenestrations.  The  foramen  ovale 
presented  a  valve-like  opening. 

Dr  Fowler  regarded  this  band  as  an  overgrowth  of  the  valve 
closing  the  foramen  ovale,  which  had  become  Greeted  by  the  blood- 
stream towards  the  outer  wall  of  the  auricle,  and  had  become  adherent 
there. 

In  the  present  case  the  attachments  of  the  band  to  the  septal  wall 
were  different,  and  the  foramen  ovale  had  closed  properly.    The  band 
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could  be  explained  as  the  result  of  elongation  of  abnormal  adheaona 
between  the  outer  wall  of  the  auricle  and  the  part  of  the  auricular 
septum  formed  by  the  endocardial  cushions.  But  there  was  nothing 
to  show  why  such  pathological  adhesions  should  have  formed. 

Professor  Wardbop  Griffith  showed  a  Heart  toith  aflhro^muicdcar 
Band  passing  across  the  cavity  of  the  left  auricle.  The  heart  was 
somewhat  enlarged,  and  its  cavities  were  dilated ;  there  was  oldstand- 
ing  thickening  of  the  segments  and  cordA  tendinesB  of  the  mitral 
valve,  with  very  slight  stenosis.  The  pericardium  was  universally 
adherent.  The  cause  of  death  was  unassociated  with  the  cardiac 
condition. 

The  band  (fig.  1)  started  from  the  anterior  part  of  the  valve  of  the 
foramen  ovale  (which  was  completely  closed),  and  passed  forward  and 


to  the  left  across  the  cavity  of  the  auricle,  blending  with  the  left 
anterior  wall  f  inch  above  and  behind  the  opening  of  the  auricular 
appendix.  In  the  natural  position  of  the  heart  its  surfaces  were 
directed  respectively  upwards  and  backwards,  and  downwards  and 
forwards.  At  its  narrowest  part  it  was  ^  inch  wide,  and  towards 
its  attachments  it  expanded  in  a  fan-like  manner.  Its  lower  or  pos^ 
terior  margin  was  continuous  to  the  left  with  the  posterior  auricular 
wall,  and  to  the  right  with  the  valve  of  the  foramen  ovale  at  its 
anterior  part,  backward  across  the  middle  of  which  it  was  then  con- 
tinued as  a  fraenum.  The  anterior  or  upper  margin,  when  traced  to 
the  left,  swept  forward,  and  ended  by  bifurcating  and  becoming  oon< 
tinuous  with  the  auricular  wall.  Close  to  the  termination  of  this  edge 
a  small  oval  aperture  existed  in  the  band,  which  admitted  the  paaaage 
of  a  large  crow-quill.  When  the  anterior  margin  was  traced  to  the 
right  it  bifurcated  where  the  band  b^gan  to  expand,  and  the  two  Um\»t 


ANATOMICAL  S0CIBT7  OF  GREAT  BRITAIN  AND  IRELAND.       VU 


sweeping  respectively  forward  and  upwards,  and  forwards  and  down- 
wards, blended  with  the  auricular  wall  in  ^ont  of  the  closed  foramen 
ovale.  Between  these  two  limbs  was  a  triangular  space,  floored  by  a 
thin  membrane  separating  the  left  from  the  right  auricle,  and  this,  in 
the  light  of  what  is  to  follow,  represents  the  fibrous  tissue  of  the 
annulus  ovaHs. 

The  band,  which  was  about  as  thick  as  a  piece  of  notepaper,  was 
mainly  fibrous,  but  presented  muscular  fibres,  scattered  cluefly  on 
its  upper  or  posterior  aspect,  continuous  to  the  left  with  those  of 
the  auricular  wall,  and  to  the  right  with  muscular  fibres  which  were 
spread  over  the  valve  of  the  foramen  ovale.  In  its  anterior  margin 
was  a  small  calcareous  spicule. 

By  this  band  therefore  the  left  auricle  was  cut  up  into  two  parts, 
a  lower  and  larger  communicating  with  the  auricular  appendix  and 
ventricle,  and  an  upper  which  received  the  pulmonary  veins.  These 
veins  were  damaged  in  removing  the  heart,  but  it  was  certain  that  the 
right  and  the  left  upper  opened  into  the  auricle  above  the  band, 
while  the  ending  of  the  left  lower  was  not  made  out,  but  on  this  side 
there  may  have  been  only  one  vein. 

Limited  by  the  band  and  the  auricular  wall  were  two  large 
deficiencies, — the  anterior  large  enough  to  admit  the  passage  of  one's 
finger,  the  posterior  that  of  one's  thumb. 

Note. — ^The  above  description  was  written  after  I  had  had  the 
advantage  of  perusing  the  account  of  Dr  Fowler's  case  in  the  Pafha- 


Si^2 


r/*^ 


logical  Transactions,  for  a  reference  to  which  I  am  indebted  to  Dr 
RoUeston's  account  of  his  specimen.  I  have  no  doubt  Dr  Fowler's 
explanation  is  the  correct  one,  and  my  case  very  strongly  resembles 
his.     An  inspection  of  the  auricular  septum  from  the  left  side  will  in 
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many  cases,  I  find,  show  retdnacula  or  bands  continued  forward  from 
the  valve  of  the  foramen  ovale,  which  are  sometimes  adherent  to  the 
auricular  wall  in  their  whole  extent,  but  which  are  not  infrequently 
separated  by  a  small  interval,  through  which  one  can  pass  a  probe. 
Such  an  example  I  have  had  figured  from  a  heart  in  my  possession 
(fig.  2).  This  may  occur  with  or  without  valvular  patency  of  the 
foramen  ovale.  In  the  great  majority  of  cases,  I  believe,  muscular 
fibres  will  be  found  ramifying  underneath  the  endocardium  of  the  valve 
of  the  foramen  ovale,  and  these  are  nearer  to  and  better  seen  from  the 
left  auricle  than  the  right. 

In  agreeing  with  Dr  Fowler  as  to  the  interpretation  of  his  speci- 
men, I  would  suggest  that  in  both  instances  we  have  to  do  with  an 
exaggeration  of  a  state  of  affairs  very  frequently  met  with,  and  not 
usually  regarded  as  abnormal,  such  as  is  shown  in  fig.  2.  In  the  two 
diagrams  bristles  are  represented  as  passing  round  structures  which  I 
regard  as  essentially  identical,  both  being  fibro-muscular  bands  passing 
from  the  valve  of  the  foramen  ovale  to  the  auricular  waU. 

The  calcareous  spicule  referred  to,  I  regard  as  an  evidence  of  the 
same  degenerative  process  that  is  indicated  by  the  condition  of  the 
mitral  segments. 

Some  Processes  of  the  Occipital  and  Mastoid  Regions  of  the  SkuU, 
Mr  £.  M.  Corner  examined  the  conditions  found  in  152  skulls. 
In  93  per  cent,  a  distinct  process  was  found  on  the  inner  edge  of 
the  digastric  fossa.  Having  thus  established  the  presence  of  the  pro- 
cess in  man,  skulls  of  the  various  animal  groups  were  examined.  This 
process  was  present  in  the  apes  as  in  man,  and  was  very  large  in  the 
skull  of  an  orang.  In  the  lemurs  the  inner  lip  of  the  digastric  fossa 
is  represented  by  a  ridge,  usually  more  on  the  occipital  than  on  the 
temporal  bone,  and  is  continuous  with  the  jugular  process  of  the 
occipital  bone.  The  summit  is  sometimes  at  one  or  other  end  of  this 
ridge,  and  sometimes  again  in  some  intermediate  position.  Heince  it 
seems  that  the  two  separate  processes  in  man  have  arisen  from  a  common 
ridge.  An  interesting  proof  of  this  is  seen  in  the  origin  of  the  digastric 
muscle  in  the  horse.  Its  inner  part  takes  origin  from  the '  paroccipital ' 
process.  Hence  this  paroccipital  process  represents  both  processes  in 
man.  In  the  text-books  the  names  *  paramastoid  *  and  '  paroccipital ' 
are  applied  indiscriminately  to  the  jugular  process  of  the  occipital  bone. 
As  there  is  a  constant  and  well-marked  process  on  the  inner  lip  of  the 
digastric  fossa,  and  this  was  probably  derived  from  the  same  ridge  as 
gave  rise  to  the  jugular  process,  I  venture  to  propose  that  the  name 
paroccipital  be  restricted  to  the  jugular  process,  and  the  name  para- 
mastoid to  the  process  on  the  inner  lip  of  the  digastric  groove. 

Mr  E.  M.  Corner  read  a  paper  on  "  Some  points  in  the  Anatofny  of 
the  Elhoio^oint"  The  object  of  this  paper  is  to  homologise  certain 
structures  in  the  elbow  with  those  in  the  knee.  The  elbow-joints  of 
the  ox,  sheep,  dog,  cat,  and  man  were  examined,  giving  exampleB 
of  the  great  types  of  elbows,  with  special  reference  to  the  following 
details : — 

1.  A  fold  of  the  posterior  ligament  of  the  capsule  on  its  external 
part. 


ANATOMICAL  SOGIBTTT  OF  GREAT  BRITAIN  AND  IRELAND.        IX 

2.  A  semiltinar  fold  on  the  inner  side  of  the  external  lateral 
ligament. 

3.  The  transverse  fibres  of  the  internal  lateral  ligament  (Cooper's 
ligament),  and  a  ligament  on  the  outer  side  of  the  joint  corresponding 
to  it. 

The  postero-extemal  fold  of  the  capsule  is  shown  to  be  homologous 
with  the  crucial  ligaments  of  the  knee,  and  is  termed,  after  Macalister, 
the  crucial  fold.  The  semilunar  fold  on  the  external  lateral  ligament 
is  homologous  with  the  internal  fibro-cartilage  of  the  knees,  and  an- 
other fold  internal  to  the  lower  end  of  the  crucial  fold  is  homolo- 
gous with  the  external  fibro-cartilage. 

These  three  folds  were  shown  in  the  sections  of  the  elbow  of  a  third 
month's  human  foetus. 

Mr  £.  M.  Corner  read  a  paper  on  the  Temporal  Fossa,  in  which 
was  shown  the  relations  existing  between  variations  of  the  temporal 
fossa  and  the  cephalic,  vertical,  and  gnathic  indices.  The  length, 
height,  and  least  bitemporal  breadth  of  the  fossa  were  first  calculated 
in  ratio  of  the  length,  height,  and  breadth  of  the  skull  respectively ; 
but  the  results  of  this  method  were  not  definite  enough  to  warrant 
any  conclusions  being  drawn.  Sir  William  Flower's  method  was 
then  adopted,  of  calcxdating  the  measurements  to  the  basinasal  length. 
The  indices  used  were  of  the  general  form — 

Measurement  x  100 
basinasal  length. 

In  this  way  three  indices  were  obtained  for  each  curved  line,  viz., 
length,  breadth,  and  height  indices. 

By  this  means  it  was  shown  that  dolichocephaly  and  tapeinocephaly 
lower  these  indices,  brachycephaly  and  akrocephaly  having  higher 
indices.  Prognathic  skulls,  with  their  heavy  jaw,  would  be  expected 
to  have  relatively  large  temporal  indices,  but  their  indices  fall  between 
those  of  orthognathic  and  mesognathic  skulls.  This  is  probably  due 
to  the  association  of  prognathism  usually  with  a  long  and  low  skull, 
/.e.,  dolichocephaly  and  tapeinocephaly. 

Examples  were  given  of  skulls  which  approach  the  simian  type  in 
the  approximation  of  their  temporal  crests,  and  the  indices  for  their 
respective  races  added.     A  hundred  skulls  in  all  were  examined. 

Dr  J.  H.  Sbqusiba  showed  a  specimen  of  Ectopia  Vesieca  with 
patent  vitelline  duct.  The  lower  end  of  the  ileum  communicated  with 
the  exterior  by  a  wide  funnel-shaped  duct,  which  opened  between  the 
two  halves  of  the  extroverted  bladder. 

The  right  kidney  was  hypertrophied,  and  its  ureter  opened  into  the 
lower  part  of  the  right  genital  duct. 

The  left  kidney  was  atrophic,  and  its  ureter  of  small  cab'bre  was 
attached  to  but  did  not  communicate  with  the  genital  duct.  A  per- 
fectly natural  ovary  was  present  on  each  side.  The  genital  ducts 
were  dilated  about  the  middle,  forming  distinct  uteri  on  each  side. 
Near  the  left  kidney  lay  a  small  rounded  body,  which  a  microscopical 
examination  showed  to  resemble  an  embryonic  testicle. 

Dr  Sequeira  thought  that  Mr  Shattock's  hypothesis,  that  ectopia 
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was  due  to  a  prolongation  forwards  and  upwards  of  the  proctodsum, 
received  support  from  this  specimen,  which  it  is  helieved  presents  a 
condition  never  before  described  in  this  country.  Ahlfeld  mentions 
such  a  case,  and  figures  a  somewhat  similar  condition  in  his  Atlas, 

Dr  Babolat  Smith  read  a  paper  on  the  Astragalo-ixUcaneo-namcidar 
Joint.  He  pointed  out  that  great  confusion  exists  in  the  text-book 
descriptions  of  the  ligaments  connecting  the  os  calcis  and  the  astra- 
galus, no  definite  plan  being  followed  in  re£^ct  to  their  arrangement ; 
and,  as  a  consequence,  each  author  adopts  a  nomenclature  of  his  own, 
and  no  two  are  in  any  way  agreed. 

He  suggested  that,  for  descriptive  purposes,  the  ligaments  in  connec- 
tion with  the  two  joints  existing  between  the  os  calcis  and  astragalus 
should  be  discriminated  as  far  as  possible.  The  anterior  joint  is  one 
in  which  the  navicularis  plays  a  part,  the  os  calcis  with  that  bone 
helping  to  form  a  deeply-excavated  socket  in  which  the  head  of  the 
astragalus  rotates.  The  calcaneo-navicular  ligaments  should  be  de- 
scribed as  contributing  the  formation  of  the  socket,  supplementing  the 
bony  surfaces  where  these  are  deficient.  The  ligamentous  part  is  a 
necessity  as  a  varying  factor  in  the  surface  of  the  socket,  owing  to 
the  curvatures  of  the  head  of  the  astragalus  occupying  it  varying  in 
different  positions.  The  adaptation  of  the  variable  socket  to  the 
rounded  head  which  occupies  it  is  to  a  large  extent  influenced  by  a 
band  which  is  lodged  in  the  groove  interrupting  the  anterior  of  the 
two  astragalar  facets  on  the  os  calcis ;  this  band  being  connected  with 
either  the  efynovial  covered  pads  of  fat  or  the  calcaneo-navicular  liga- 
ment on  the  floor  of  the  socket  on  the  one  hand,  and  with  tiie 
head  of  the  astragalus  close  to  the  articular  surface  on  the  other. 

The  head  of  the  astragalus  is  retained  within  its  socket  by  certain 
bands,  which  should  be  described  as  constituting  the  capsule  of  the 
joint.  These  bands  consist  of  the  astragalo-navicular  ligaments  on 
the  dorsal  aspect,  internal  and  external  astragalo-calcaneal  ligaments 
on  the  lateral  aspects,  and  the  anterior  fibres  of  the  interosseous  liga- 
ment in  the  posterior  aspect  of  the  joint. 

The  interosseous  ligament  is  a  much  vaunted  structure  as  far  as  its 
strength  is  concerned,  but  this  is  certainly  open  to  considerable  doubt. 
The  appearance  presented  by  the  bony  surfaces  to  which  it  is  attached 
preclude  the  idea ;  and  further,  the  canalis  tarsi  is  largely  occupied  by 
a  deeply-seated  contingent  of  the  ligamentum  fundif orme,  the  fibrous 
loop  which  forms  a  puUey  for  the  tendons  of  the  extensor  longus 
digitorum  and  peroneus  tertius,  a  structure  usually  described  in 
connection  with  the  anterior  annular  ligament  of  the  ankle.  The 
ligamentum  fundif  orme  was  first  described  by  Betdus,  who,  finding  it 
in  the  dog,  proved  its  existence  in  man,  but  his  description  seems  to 
have  escaped  the  attention  of  subsequent  writers. 

The  foregoing  papers  are  published  in  extenso  in  the  Journal  of 
Anatomy  and  Physiology,  Apnl,  1896. 

Mr  J.  H.  Tabgbtt  exhibited  several  specimens  of  congenital  didooa- 
tion  of  the  hip,  which  showed  the  characteristie  changes  in  the  bonflB 
produced  by  that  condition. 
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An  Ordinary  Meeting  of  the  Society  was  held  on  Friday,  May  15th 
at  King's  College, — Professor  Thanb  in  the  chair.  Twenty-eight  mem- 
bers and  visitors  were  present.      The  following  gentlemen  were 
elected  members  of  the  Society  : — 

(1)  T.  H.  Bryob,  M.A.,  M.B.,  Lecturer  on  Anatomy  in  Qneen 
Margaret  College,  TJniversity  of  Glasgow,  proposed  by  J.  Cleland, 
W.  Turner,  J.  Yule  Mackay. 

(2)  G.  Elliot  Smith,  M.D.,  Ch.M.,  late  Demonstrator  of  Anatomy 
in  the  University  of  Sydney,  proposed  by  J.  T.  Wilson,  G.  B.  Howes, 
F.  G.  Parsons. 

Mr  Arthub  KxitA  exhibited  Organafrom  Dissecting-room  Subjects 
which  had  been  preserved  mth  FormaJdehyd,  The  advantages 
claimed  for  this  substance  as  a  preservative  of  dissecting-room  subjects 
were : — 

(1)  The  soft  organs  of  the  body  were  preserved  in  their  natural 
shapes  and  relationships,  and  retained  approximately  their  natural 
colour  and  consistency. 

^2)  From  the  fact  that  formaldehyd  led  to  the  disappearance  of 
all  superfluous  moisture  in  the  loose  tissues,  organs  like  the  pancreas, 
spleen,  sympathetic  nerves  and  ganglia,  lymphatic  glands  and 
vessels,  pelvic  viscera,  &c.,  which,  in  the  ordinary  methods  of  injec- 
tion, lie  in  a  condition  of  dirty  liquidity,  are  cleanly  preserved  in  a 
state  fit  for  dissection.    The  blood  is  thrown  into  the  veins,  and 

id) 
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coagulated  there  by  the  injection,  so  that  these  vessels  are  as  good  as 
artificially  injected ;  the  nerves  and  membranes,  like  the  arachnoid, 
dura  mater,  and  intestinal  wall,  come  out  firm  and  white ;  it  renders 
dissection  a  much  more  cleanly  business  than  the  ordinary  preserva- 
tives. 

The  disadvantages  were: — Its  erosive  action  on  the  fingers j 
its  biting  effect  on  the  nostrils,  eyes,  and  throat  of  the  dissector; 
but  of  these  effects  the  students  of  the  London  Hospital  had  not 
complained.  It  rendered  the  muscles  stiff  and  friable,  so  that  the 
body  could  not  be  placed  in  the  hthotomy  position  nor  the  arms 
widely  abducted  without  rupturing  some  muscles.  It  preserved  the 
brain  extremely  well  when  a  portion  of  the  solution  was  specially 
injected  through  the  circle  of  Willis  from  the  common  carotid  artery 
of  one  side.  In  the  ordinary  method  of  injecting  the  body  from  the 
femoral  or  carotid  artery,  the  brain  was  not  preserved  unless  this 
special  injection  was  made.  Mr  Ockenden  of  the  Zoological  Gardens, 
however,  objected  to  the  use  of  formaldehyd  for  the  preservation,  of 
brains,  as  it  fixed  the  pia  mater  so  firmly  that  it  could  not  be  removed 
without  injury  to  the  cortex. 

Professor  Blum,  who  introduced  formaldehyd  as  a  hardening  and 
preserving  agent  for  microscopical  specimens  some  three  years  ago, 
had  given  quite  recently  {Anat.  Anzeiger,  1896,  Bd.  xL  p.  718)  a 
full  list  of  references  to  literature  on  the  uses  of  the  substance.  At 
the  beginning  of  last  winter  session  Mr  Dean  of  the  London  Hospital 
suggested  to  Mr  Keith  its  use  as  a  preservative  for  dissecting-room 
subjects,  and  it  was  only  natural  to  expect  that  other  anatomists  had 
been  experimenting  with  it  for  that  purpose.  It  had  not  found  much 
favour  in  America.  Wilder,  at  a  meeting  of  American  Anatomists 
(Med,  Bee.f  Jan.  18,  1896),  gives  it  a  secondary  place;  Mall  {Anat 
Anz.y  1896,  Bd.  xl  p.  769)  prefers  the  alcohol,  glycerine  and  carbolic 
acid  injection.  In  the  Anatomischer  Ameiger  (Dec.  1895,  B.  xi 
p.  417)  Grerota  gives  a  favourable  report  after  a  year's  experience 
with  formaldehyd  as  a  preservative  for  dissecting-room  subjects. 
He  used  five  litres  of  a  15  per  cent,  solution  of  the  ordinary  com- 
mercial solution  for  each  body  when  he  wished  to  cut  the  body  in 
sections  showing  topographical  relationships ;  the  same  amount  of  a 
5  per  cent,  solution  when  the  body  was  to  be  examined  in  the 
ordinary  method  by  students. 

Mr  Keith  used  a  bottle  of  commercial  formaldehyd  (1  lb.  of 
a  45  per  cent,  solution)  for  each  subject,  diluting  it  with  eight  pints 
of  water.  The  jar  containing  the  solution  was  set  4  feet  above  the 
level  of  the  body,  and  connected  by  a  tube  with  the  common  carotid 
artery.  The  injection  takes  less  than  ten  minutes  to  run  into  the 
body.  The  arteries  nmy  be  injected  with  plaster  of  Paris  immediately 
afterwards,  and  the  body  is  then  ready  to  be  sent  into  the  dissecting- 
room,  or  kept  for  after  use.  The  cost  per  body  is  a  little  over  three 
shillings. 

Mr  Abthub  Keith  read  a  short  paper  on  The  Relative  Position  of 
the  Spinal  Accessory  Nerve  to  the  Jugular  Vein  and  Transverse  Process 
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of  the  Atlas,  and  on  the  Connection  of  this  Nerve  with  Stounds  of  Pain 
in  certain  Movements  of  the  Head,    When  the  head  was  bent  towards 
the  right  shoulder,  then  suddenly  raised  and  rotated  towards  the  left 
shoulder,  many  people  felt  at  times  a  sudden  and  intense  pain  shoot- 
ing downwards  and  backwards,  as  if  along  the  right  spinal  accessory 
nerve.     He  suffered  from  it  only  on  the  right  side,  never  on  the  left. 
About  two  out  of  every  five  students  appeared  to  suffer  from  it. 
This  pain,  he  believed,  although  he  could  not  remember  his  authority, 
was  usually  ascribed  to  a  nipping  of  the  sub-occipital  nerve  between 
the  occipital  condyle  and  the  articular  process  of  the  atlas,  but  the 
character  of  the  pain  and  an  examination  of  the  relationships  of  the 
sub-occipital  nerve  rendered   this  explanation  improbable.      If  an 
incision  be  made  along  the  upper  part  of  the  anterior  border  of  the 
stemomastoid  on  the  right  side,  so  that  the  spinal  accessory  nerve 
may  be  felt  with  the  finger  lying  on  the  transverse  process  of  the 
atlas,  if  the  head  be  then  flexed  towards  the  right  side,  and  at  the  same 
time  rotated  so  that  the  face  turns  towards  the  left  shoulder,  the 
spinal  accessory  nerve  will  be  felt  to  slip  towards  the  extremity  of 
the  transverse  process  of  the  atlas,  and  in  certain  cases  to  slip  over 
the  extremity  of  the  process.     If  the  head  be  returned  to  its  natural 
position,  the  nerve  again  slips  in  front  of  the  transverse  process ;  but 
it  could  be  easily  understood  how,  in  sudden  movements  of  the  head 
towards  the  opposite  shoulder,  the  nerve    might  be  caught    and 
stretched  for  an  instant  on  the  tip  of  the  process,  and  a  stound 
of  pain  caused.     The  anterior  tuberosity  on  the  transverse  process  of 
the  atlas,  as  already  pointed  out  by  Dr  Allen  {Joum.  Anat.  and 
Physio.,  1880,  vol.  xiv.  p  18),   was  variable  in  size  and  shape,  and 
had  frequently  an  irregular  outline,  so  that  the  nerve  might  be 
caught  as  it  passed  over  the  tuberosity. 

In  this  connection  the  relationship  of  the  spinal  accessory  nerve  to 
the  jugular  vein  must  also  be  taken  into  consideration.  When  the 
nerve  escaped  from  the  base  of  the  skull  behind  the  jugular  vein, 
it  ]ay  directly  on  the  transverse  process;  when  the  nerve  escaped 
between  the  internal  carotid  artery  and  the  jugular  vein,  it  was  then 
separated  from  the  transverse  process  by  the  internal  jugular  vein,  as 
by  a  blood  pillow.  In  this  position,  it  appeared  to  him,  the  spinal 
accessory  nerve  was  less  likely  to  be  caught  upon  the  transverse 
process  of  the  atlas. 

In  25  bodies  which  he  had  examined  he  had  found  the  following 
arrangement : — 

In  17  bodies  the  spinal  accessory  nerve  passed  between  the  carotid 
artery  and  jugular  vein  on  both  sides.  In  5  bodies  the  nerve  passed 
between  the  jugular  vein  and  transverse  process  of  the  atlas  on  both 
sides.  In  2  bodies  the  nerve  passed  behind  the  jugular  vein  on  the 
right  side,  in  front  of  it  on  the  left.  In  one  body  the  nerve  passed 
in  front  of  the  vein  on  the  right  side,  behind  it  on  the  left. 

In  these  25  bodies  the  nerve  passed  in  front  of  the  vein  37  times, 
behind  it  13  times,  so  that  the  first  arrangement  was  three  times  as 
common  as  the  second.  Mr  Grimsdale  of  St  George's  Hospital,  how- 
ever, had  found  an  equal  frequency  of  each  form  in  the  10  bodies  he 
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had  examined.  An  interesting  variation  was  that  which  Mi  Grims- 
dale  and  he  had  each  found  once.  The  spinal  accessory  nerve 
escaped  in  front  of  the  jugular  vein,  but  behind  the  inferior  petrosal 
sinus,  which  joined  the  jugular  vein  about  three  centimetres  bebw 
the  jugular  foramen.  At  first  sight  the  nerve  appeared  to  perforate 
the  jugular  vein. 

llie  escape  of  the  spinal  accessory  nerve  between  the  jugular  vein 
and  carotid  artery  was,  he  believed,  peculiar  to  the  human  race.  It 
might  occur  as  an  uncommon  variation  in  the  anthropoids,  bnt 
hitherto  he  had  not  met  with  an  instance ;  it  never  occurred  amongst 
the  lower  primates ;  in  them  the  nerve  lay  always  behind  the  vein. 
The  peculiar  relation  of  the  spinal  accessory  to  the  jugular  vein 
in  man  seemed  capable  of  a  simple  explanation.  The  size  of  the 
lateral  sinus  was  in  direct  relationship  to  the  size  of  the  mantle  of  the 
brain ;  the  inferior  petrosal  sinus  had  some  relationship  in  size  to  the 
development  of  the  basal  ganglia,  so  that,  in  the  lower  primates,  the 
inferior  petrosal  sinus  was  nearly  as  large  as  the  lateral  sinus,  while, 
in  man,  the  inferior  petrosal  sinus  appeared  as  a  smaU  tributary  of  the 
internal  jugular  vein.  When  the  continuation  of  the  lateral  sinus 
and  the  inferior  petrosal  sinus  are  nearly  equal  in  size,  they  advance 
towards  each  other  to  form  the  jugular  vein  on  the  aider  side  of  the 
internal  carotid  artery,  and  the  nerve  naturally  escapes  behind  the  vein. 
In  man,  however,  where  the  lateral  sinus  has  become  the  dominant 
blood  channel,  and  the  inferior  petrosal  sinus  a  small  and  unimportant 
tributary,  the  jugular  vein  comes  to  lie  naturally  behind  the  carotid 
artery,  so  that  the  nerve's  nearest  route  lies  in  escaping  between  the 
artery  and  the  vein.  The  peculiar  course  of  the  spiual  accessoiy  in 
man  was  perhaps  also  due  in  part  to  the  highly  developed  cervical 
curve  of  his  vertebral  column. 

The  peculiar  and  variable  relationship  of  the  spinal  accessory  nerve 
to  the  jugular  vein  and  transverse  process  of  the  atlas  in  man  he 
looked  upon  as  resulting,  in  the  first  place,  from  the  large  develop- 
ment of  his  brain  mantle ;  and  in  the  second  place,  from  an  imperfect 
adaptation  to  the  upright  posture. 

Mr  Arthur  EBrrn  exhibited  BpedmeM  and  Diagrams^  showing  a 
Mbrous  Band  lying  on  the  Dorsum  of  the  SeapiUa  swperfidaX  to  thefagda 
covering  the  infraspitwius.  It  took  its  origin  from  the  inferior  angle 
of  the  scapula  between  the  attachments  of  the  rhomhoideus  major  and 
teres  major  muscles,  and  spread  upwards,  lying  on  the  infraspinatos 
fascia,  to  become  attached  to  the  base  of  the  spine  of  the  scapula, 
under  the  origin  of  the  deltoid  muscle.  Out  of  24  human 
bodies,  at  diflPerent  stages  of  life,  he  had  found  this  band  veiy 
distinctly  marked  in  12,  only  partially  present  in  4,  while  it  was 
absent  in  the  remaining  8.  He  had  observed  it  well  marked  in  an 
orang  and  in  a  specimen  of  Macacus  silenusy  but  in  fourteen  other 
specimens  of  Primates  he  had  examined  specially  for  this  band  he 
had  found  it  absent. 

His  colleague,  Dr  Sequeira,  had  pointed  this  band  out  to  him,  but 
in  spite  of  much  inquiry  they  had  failed  to  come  to  any  satisfactoiy 
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conclusion  as  to  its  natuie.  In  the  human  foetus  it  was  se^n  in 
some  cases  to  be  continuous  at  its  origin  with  the  teies  major, 
in  others  with  the  rhomboid,  in  others  with  fibres  from  the  latissimus 
dorsi,  and  frequently  it  had  no  connection  with  any  of  these  mudcles. 
The  occasional  connection  of  this  band  with  the  latissimus  dorsi,  teres 
major  and  rhomboid  was  suggestive  of  its  being  part  of  the  embry- 
onic sheet  out  of  which  the  deltoid,  trapezius  and  these  three  muscles 
were  developed.  It  appeared  to  fill  up  in  part  the  rhomboidal  blank 
in  this  primitive  muscular  sheet  on  the  dorsum  of  the  scapula — the 
interval  between  the  rhomboideus  major,  teres  major  and  latissimus 
dorsi  below ;  the  trapezius  and  deltoid  above.  In  an  ornithorynchus 
which  Professor  Stewart  had  permitted  him  to  examine,  he  found  a 
muscle  in  a  position  somewhat  similar  to  this  band.  The  muscle 
belonged  to  the  panniculus  layer,  and  arose  over  the  lumbar  and 
inguinal  regions,  and  was  inserted  into  the  base  of  the  spine  of  the 
scapula,  superficial  to  the  deltoid.  This  band  was  always  beneath 
the  deltoid,  and  never  became  continuous  with  it.  It  was  of  some 
interest  to  observe  that  of  the  24  bodies  he  had  examined  for  an 
infra-scapular  band,  in  2  the  deltoid  had  an  additional  origin  (costo- 
deltoideus)  from  the  axillary  border  of  the  scapula  above  the  origin 
of  the  teres  major,  and  in  both  of  these  the  fibrous  band  was  present ; 
in  two  others  the  deltoid  had  a  partial  origin  (basio-deltoideus)  from 
the  vertebral  border  of  the  scapula,  but  in  neither  of  these  was  a  band 
present ;  in  5  bodies  the  deltoid  had  additional  fibres  arising  over  the 
infraspinatus  muscle,  but  in  only  one  of  these  was  there  a  well 
marked  band;  in  the  remaining  15  bodies  the  deltoid  had  its  normal 
origin,  and  in  9  of  these  the  fibrous  band  was  well  marked.  The 
extra  origins  of  the  deltoid  occur  with  greater  frequency  in  anthro- 
poids than  in  man,  especially  amongst  chimpanzees,  but  apparently 
this  fibrous  band  does  not  occur  so  often.  He  brought  forward 
these  additional  facts  concerning  the  origin  of  the  deltoid,  because  at 
first  he  had  been  inclined  to  regard  this  band  as  representing  the 
basilar  origin  of  the  deltoid. 

Mr  Hebtslbt  (introduced  by  Mr  Keith)  read  a  paper  on  the 
Comparison  of  two  Specimem — (1)  Rudimentary  Ribs  on  the  7th 
Vertebra ;  (2)  Rudimentary  Ribs  on  the  8th  Vertebra.  This  paper, 
with  notes  on  the  literature  of  the  subject  by  Mr  Keith,  will  be  found 
on  p.  562  of  the  Journal  of  Arudomyy  July  1896. 

Professor  Wardrop  Griffith  showed  a  Larynx  from  a  Male  Sub' 
jeet  which  presented  a  Diverticulum,  This  started  from  the  interior 
of  the  upper  segment  of  the  larynx  on  the  right  side,  about  midway 
between  the  tip  of  the  arytenoid  cartilage  and  that  of  the  epiglottis, 
and  midway  between  the  ary-epiglottic  fold  and  the  margin  of  the 
cartilage  of  the  epiglottis.  It  was  three-quarters  of  an  inch  above 
the  false  cord,  and  slightly  above  the  level  of  the  cushion  of  the 
epiglottis. 

Its  depth  was  about  half  an  inch,  and  it  would  admit  an  ordinary 
sized  pencil. 
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Its  mucous  membrane  did  not  present  any  appearance  of  disease, 
and  resembled  that  of  the  adjoining  part  of  the  larynx.  The  sac 
was  found  to  lie  beneath  the  thyro-hyoid  muscle,  and  to  reach  abnosi 
to  its  posterior  margin,  terminating  in  a  blunt  extremity  close  to  the 
tip  of  the  great  comu  of  the  hyoid  bone. 


Fig.  1. 


It  was  partially  invested  by,  and  partiaUy  passed  through,  the 
thyro-hyoid  membrane,  which  was  difficult  to  dissect  on  botii  sides, 
and  beneath  which  the  amount  of  fat  was  considerable. 

The  superior  laryngeal  nerve  passed  mainly  below  it,  but  one  branch 
was  traced  upwards  behind,  and  internal  to  it,  to  the  mucous 
membrane. 


Fig.  2. 
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The  diverticulum  in  this  case  was  quite  unconnected  with  the 
laryngeal  pouch,  and  so  no  homology  could  be  traced  with  the 
diverticula  of  certain  mammals.  It  was  unconnected  with  the 
pharynx,  and  could  not  represent  a  persistent  branchial  cleft. 

At  the  position  in  the  larynx  from  which  it  arose  there  was  always 
a  concavity  between  the  ary-epiglottic  fold  and  the  margin  of  the 
cartilage  of  the  epiglottis,  and  this  part  of  the  laryngeal  wall  was 
normaUy  very  thin,  and  actually  translucent  when  the  thyro-hyoid 
muscle  was  dissected  away.  It  was  thought  that  this  depression 
was  more  marked  than  uscuJ  on  the  left  side  of  the  specimen. 

Notwithstanding  the  natural  thinness  of  the  wall  of  the  larynx 
here,  it  was  difficult  to  account  for  the  diverticulum  on  pathological 
grounds,  for  the  expulsive  efforts  of  coughing  would  exercise  little 
pressure  on  the  mucous  membrane  above  the  rima  glottidis. 

In  the  discussion  which  followed  the  exhibition  of  tins  specimen, 
Prof.  HowBS  and  Dr  Keith  agreed  that  the  diverticulum  had  no 
morphological  significance.  Professor  Gurnow  regarded  it  as  being 
caused  by  a  retention  cyst. 

Professor  Wabdrop  Gbippith  exhibited  two  cases  of  Fusion  of  the 
Occipital  Bone  and  Atlas.  The  following  is  an  account  of  the 
specimens : — 

Case  1.  Specimen  taken  from  body  of  a  tall  man,  in  whom  during 
life  it  was  noticed  that  power  of  nodding  was  absent. 

Specimen  was  shown  at  Anatomical  Society  meeting  in  Leeds  in 
1889. 

Blending  at  articular  surfaces,  and  at  the  posterior  part  of  arch. 

(a)  At  articular  surfaces  one  can  see  the  line  of  union,  especially 
on  the  left  side.  From  behind,  one  can  see  a  lamina  of  cartilage 
separating  the  bones. 

{b)  The  posterior  blending  is  about  1  inch  in  extent. 

The  atlas  is  a  well  developed  one  in  every  way;  there  is  no 
shortening  of  the  bones  from  above  downwards.  There  is  some 
redundancy  of  bone  about  the  trapezius  ridges  and  post,  part  of  arch 
of  atlas. 

Case  2.  The  atlas  shows  signs  6i  imperfect  development.  The 
arch  is  not  complete  behind,  there  being  a  deficiency  of  ^".  The 
posterior  arch  on  each  side  is  very  ill  developed,  and  is  fused  with 
the  occipital  bone  in  its  whole  extent,  except  where  a  small  gap  is 
left  in  front  for  passage  of  sub-occipital  nerve  and  vertebral  artery. 
The  line  of  fusion  can  be  readily  seen  on  the  right  side,  but  on  the 
left  side  there  is  hardly  any  indication. 

The  outer  opening  of  the  posterior  condyloid  foramen  is  j"  "V 
above  and  in  front  of  the  lateral  gap  on  the  right  side,  and  separated 
from  it  by  a  bar  of  occipital  bone.  On  the  left  side  the  aperture  is 
in  the  upper  waU  of  the  lateral  gap,  and  is  manifestly  continuous 
with  a  small  canal  formed  behind  by  a  partial  union  of  atlas  and 
occipital  bone. 

On  each  side  the  transverse  processes  are  small,  short,  and  of  light 


xvm 


PROCEEDINGS  OF  THE 


btdld.  On  the  right  side  the  anterior  part  is  wanting,  but  the 
posterior  is  more  substantial 

The  lateral  masses  are  continuous  with  the  occipital  condyles,  and 
this,  both  as  regards  extent  and  degree,  is  greater  on  the  left  than 
on  the  right  side.  On  the  left  side  the  fusion  reaches  to  J*'  from  the 
middle  line,  and  on  the  right  to  \'',  The  mesial  gap  is  thus  small, 
viz.,  J  in.  in  width,  and  ^  in  height. 

Faint  indication  of  line  of  junction  can  be  made  out  at  upper  part 
of  lateral  mass  on  left  side,  and  much  more  readUy  on  the  right  side, 
where  some  of  the  upper  aspect  of  the  articular  surface  of  the  atlas 
can  be  seen.  The  anterior  condyloid  foramen  is  Y  above  this  line  of 
fusion  on  the  right  side,  but  on  the  left  side  it  is  quite  close  to  the 
atlas. 

The  fusion  is  thus  everywhere  more  continuous  on  the  left  than  on 
the  right  side,  and,  with  the  exception  of  the  transverse  process,  the 
development  is  less  on  the  left  side. 

The  inferior  articular  surfaces  of  the  atlas  are  flattened  and 
large. 


Table  of  Measurements  of  Cases  of  Fusion  of  OeeipUal  Bone 

with  Atlas, 


Anterior  apertit 

Width, 
Height, 
Lateral  aperture  for  passage  of  sub-occipital 
nerve  and  vertebral  artery — 

^^^  {a 

From  lower  margin  of  anterior  condyloid 
forainon  to  centre  of  inferior  articular  snr&ce 
of  atlas — 


R%ht, 


it, 


From  transverse  processes  of  atlas  to  portion 
of  occipital  bone  above- 
Right, 
Left, 
From  line  of  fusion  of  articular  surfaces  to 
margin  of  ant.  condyloid  foramen — 

Right, 
Left, 
From   lateral  gap  to   posterior   condyloid 
foramen — 

Right, 


Kighl 
Left, 
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V 


Size  of 
Goose  QuilL 

Size  of 
Crow  Quill. 
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The  piominence  of  bone  jost  above  the  anterior  condyloid  foramen 
inside  the  skull  is  very  large  and  sharp,  especially  on  the  left  side. 
No  bony  redundancy  elsewhere. 

Cervical  vertebrsB  are  rather  redundant,  with  spongy-looking  sur- 
faces.    Post,  part  of  2nd  left  transverse  process  very  small. 

In  contrasting  the  two  e3camples,  Dr  Griffith  pointed  to  the 
imperfect  development  of  the  atlas  and  its  more  complete  amalga- 
mation in  Case  2,  as  indicating  that  the  fusion  took  place  at  a  much 
earlier  date  than  in  Case  1,  in  which  the  atlas  may  have  existed  for 
years  after  birth  as  a  separate  bone.  This  specimen  also  presented 
signs  of  disease. 

Professor  Stbuthbrs  had,  in  1874,  described  an  example  with 
which  in  many  particulars  Dr  Griffith's  second  case  agreed. 

Dr  L.  Fbhybebgeb  gave  the  following  account  of  a  specimen  of 
Malformed  Heart  and  great  Vessels  he  exhibited : — A  boy,  11  months 
old,  of  slightly  rickety  habitusi  was  admitted  to  the  Great  Northern 
Central  Hospital,  suffering  from  meningitis.  At  the  post-mortem 
examination  a  few  days  later  the  following  interesting  malformations 
were  found : — 

On  opening  the  thorax,  the  lungs  were  found  perfectly  inflated, 
and  touching  the  midsternal  line  with  their  anterior  edges.  There 
appeared  to  be  no  left  innominate  vein ;  a  thin  vein,  which  was  in 
its  stead,  was  accidentally  removed  with  the  manubrium  sterni.  On 
the  right  side  there  was  a  perfectly  normal  descending  vena  cava,  the 
vena  azygos  arching  forwards  above  the  root  of  the  right  lung,  and 
entering  the  descending  cava  opposite  the  upper  border  of  the  5th 
rib ;  on  the  left  side  a  left  descending  vena  cava  was  seen  running 
down  in  front  of  the  root  of  the  left  lung,  and  turning  to  the  back  of 
the  heart,  where  it  entered  the  coronary  sinus.  It  appeared  to  be 
the  continuation  of  the  left  internal  jugular  vein,  was  of  the  same 
width  as  the  vein  on  the  right  side,  and  received  near  the  inner  end 
of  the  left  clavicle  the  left  subclavian  veins ;  also  a  left  vena  azygos, 
which  in  a  similar  way  to  the  right  azygos  arched  forwards  above  the 
root  of  the  left  lung,  and  entered  the  left  descending  cava  at  the 
level  of  the  5th  rib.  The  left  azygos  vein  was  twice  as  big  as  its 
fellow  on  the  right  side,  and  received  the  same  number  of  branches 
as  the  azygos  proper. 

The  coronary  sinus  is  very  wide,  and  covers  the  whole  of  the 
posterior  wall  of  the  left  auricle ;  the  opening  of  the  coronary  sinus 
measured  ^  in.  diam. 

The  heart  is  at  a  right  angle  to  the  spinal  axis ;  its  anterior  aspect 
is  almost  entirely  formed  by  the  right  auricle  and  right  ventricle; 
only  a  narrow  strip  of  the  left  ventricle  could  be  seen  lining  the  left 
bolder  of  the  right  ventricle.  The  left  auricular  process  appears  as  a 
small  tongue-shaped  appendix  between  the  left  descending  cava  and 
the  pulmonary  artery. 

The  right  auricle,  §  in.  x  1  in.,  is  much  dilated ;  its  auricular  pro- 
cess overlies  the  insertion  of  the  aorta  in  front.  The  left  auricle  can 
only  be  brought  to  right  by  making  an  incision  through  the  anterior 
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wall  of  the  coionaiy  sinus;  it  is  only  half  the  size  of  the  lig^t 
auricle.  The  muscular  wall  of  the  right  auricle  is  more  than  twice 
as  thick  as  that  of  the  left.  The  foramen  ovale  presents  in  its  upper 
half  an  elliptic  opening  the  size  of  a  rice-corn. 

The  right  ventricle  has  a  conical  shape,  is  1^  in.  long  hy  §  in. 
wide,  the  ventricular  wall  from  -J^  -  ^  in.  thick.  The  tricuspid  valve 
of  normal  shape ;  its  cusps  have  sharp  free  edges ;  the  auricular  surface 
of  the  valve  is  perfectly  smooth ;  the  atrio-ventricular  orifice  measures 
^  in.  across.  To  the  left  of  the  posterior  cusp  is  a  hole  f  in.  hy  ^  in. 
between  this  cusp  and  the  ventricular  septum  which  leads  straight 
upwards  into  the  aorta.  ' 

The  pulmonary  artery  Hes  to  the  left  and  somewhat  behind  the 
aorta,  has  very  thin  walls,  and  measures  at  the  valvular  end  ^  in. 
across.  The  ostium  pulmonale  is  very  narrow  (^  in.).  Two  rather 
fleshy  Hp-shaped  valves  shut  the  vessel  off  the  right  ventricle.  The 
funnel-shaped  portion  of  the  right  ventricle,  which  leads  upwards  to 
the  pulmonary  orifice,  is  very  narrow  and  very  steep. 

The  membranous  part  of  the  interventricular  septum,  is  absent; 
the  defect  thus  caused  in  the  septum  measures  ^  in.  x  ^  in.,  is  of 
elHptic  shape,  with  smooth,  rounded-off  edges. 

The  left  ventricle  is  smaU,  its  walls  thin;  the  mitral  orifice 
measures  ^  in.  across;  the  free  edges  and  auricular  surface  of  the 
mitral  cusps  perfectly  natural. 

The  aorta  is  ^  in.  wide,  has  3  well-developed  semilunar  valves; 
it  is  so  inserted  that  its  orifice  would  be  divided  into  two  nearly  equal 
halves  by  an  ideal  section  carried  through  the  muscular  septum. 

The  ductus  arteriosus  is  patent  throughout,  and  admits  a  probe 
J  in.  thick  without  difficulty. 

A  single  posterior  bronchial  artery,  ^  in.  wide,  transmits  aortic 
blood  to  both  bronchi. 

The  pulmonary  veins  and  the  ascending  vena  cava  are  perfectly 
normal 

The  aorta  evidently  had  at  all  times  contained  mixed  blood :  the 
lungs  must  have  been  ^Hed  with  a  sufficient  quantity  of  blo^  as 
they  were  not  undergrown;  the  arterial  pulmonary  circulation  has 
taken  place  through  the  stenosed  pulmonary  orifice,  the  ductus 
arteriosus  Botalli,  and  probably  through  wide  anastomoses  of  the 
end  ramifications  of  the  bronchial  arteries  with  those  of  the  pulmo- 
nary artery. 

At  no  time  during  life  was  cyanosis  noted ;  there  was  no  clubbing 
of  the  end  phalanges  of  fingers  or  toes,  and  no  periosteal  formative 
changes  on  the  tibis. 

A  soft  systolic  bruit  was  heard  loudest  over  the  pulmonary  area, 
and  attributed  to  a  slight  pulmonary  stenosis. 

Professor  Johnson  Syminoton  read  a  paper  on  Oenu  Valgum 
AdolescerUium,  which  will  be  published  at  a  later  date. 

Professor  Johnson  Symington  gave  a  lantern  demonstration  on 
Sections  of  the  brain  of  the  Echidna, 
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Professor  C.  S.  Sherrington  gave  a  lantern  demonstration  on  the 
Cvianeous  DistribtUion  of  Spinal  Nerves.  He  exhibited  a  large  num- 
ber of  photographic  slides  of  Macacua  rhesus^  showing  the  anaesthetic 
areas  after  section  of  the  various  spinal  nerves. 

Professor  A.  M.  Patebson  read  a  paper  on  Some  Poinia  in  the  Dis- 
tribution of  the  Spinal  Nerves.  He  divided  his  communication  into 
two  parts,  dealing  first  with  the  homologies  of  the  limb  nerves.  The 
question  which  he  set  himself  to  answer  was — "  Are  the  limb  nerves 
homologous  with  the  lateral  branches,  or  with  the  entire  anterior 
divisions  of  the  thoracic  nerves  1 "  He  inclined  to  the  latter  view, 
and  stated  the  following  points  in  its  favour : — (1)  The  absence  of 
anterior  cutaneous  nerves  to  the  trunk  in  the  limb  regions.  (2)  The 
division  of  the  nerves  entering  the  limb  plexuses  into  posterior  and 
anterior  divisions,  comparable  to  the  lateral  and  anterior  branches  of 
a  thoracic  nerve.  The  main  objections  to  the  view,  on  the  other 
hand,  were— (1)  The  apparent  anomalies  in  the  arrangement  of  the 
limb  nerves.  (2)  The  presence  of  an  intercostal  branch  to  the  first 
thoracic.  (3)  The  behaviour  of  the  second  thoracic  and  third  sacral 
nerves. 

Professor  Paterson  stated  his  opinion  that  the  dorsal  branch  of  the 
first  thoracic  was  contained  in  the  dorsal  branch  of  the  ulnar  and  the 
posterior  branch  of  the  internal  cutaneous  nerves,  while  in  the  leg 
the  dorsal  branch  of  the  third  sacral  was  contained  in  the  external 
saphenous  and  small  sciatic. 

The  second  part  of  the  paper  was  devoted  to  the  segmental  distri- 
bution of  the  limb  nerves.  With  regard  to  the  muscles,  the  following 
laws  were  found  to  apply : — (1)  No  limb  muscle  proper  receives  its 
nerve  supply  from  the  posterior  primary  divisions.  (2)  The  limb 
muscles  are  fundamentally  divisible  into  dorsal  and  ventral  strata, 
supplied  by  dorsal  and  ventral  nerves  of  the  plexuses;  and  dorsal 
muscles  and  ventral  muscles  are  always  supplied  by  their  correspond- 
ing nerves.  A  double  nerve  supply  only  occurs  at  the  borders  of  the 
limb,  i.e.  pectineus,  biceps,  brachisdis  anticus,  and  indicates  a  fusion 
of  dorsal  and  ventral  elements.  (3)  The  muscular  stratum  is  more 
extensive  on  the  ventral  than  the  dorsal  surface  of  each  limb,  and  the 
ventral  nerves  are  more  numerous.  The  nerve  added  is  postaxially 
placed. 

Considering  all  the  evidence.  Professor  Paterson  discarded  Herring- 
ham's  axioms  *'  that  the  muscles  nearer  the  axis  of  the  limb  and  the 
muscles  nearer  the  surface  are  supplied  by  higher  nerves";  but 
allowed  a  basis  of  truth  to  the  same  author's  law  which  says — "  Of 
two  muscles,  that  nearer  the  head  end  of  the  body  tends  to  be 
supplied  by  the  higher  nerve,  and  that  near  the  tail  end  by  the 
lower  nerve." 

After  considering  the  segmental  distribution  of  the  cutaneous 
nerves,  the  following  points  of  resemblance  and  difference  between 
them  and  the  nerves  to  the  muscles  were  noticed. 

(a)  Resemblances.-^)  Dorsal  and  ventral  surfaces  are  supplied 
by  dorsal  and  ventral  nerves.     (2)  The  preaxial  and  postaxial  nerves 
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are  shed  along  the  borders  of  the  limbs  in  their  passage  towards  the 
periphery,  the  central  nerves  extending  furthest.  (3)  The  preaxial 
nerves  tend  to  disappear  more  proximally  than 'the  postaxial  nerves. 

(b)  Differences.^ll)  The  dorsal  cutaneous  area  is  much  more 
extensive  than  the  ventral  area.  (2)  The  dorsal  area  is  supplied  by 
more  numerous  nerves,  and  the  added  nerves  are  generally  more 
postaxial.  (3)  Nerves  not  properly  limb  nerves  are  brought  into 
requisition  for  the  supply  of  the  skin ;  this  is  especially  seen  at  the 
borders  of  the  limbs. 

Professor  Paterson's  paper  will  be  found  in  extenso  on  p.  530  of  the 
Journal  of  Anatomy^  vol.  xxx. 
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